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Preface 


Since 1945, when the first edition of The Artificial Insemination 
of Farm Animals was published, the volume of data resulting from 
research in artificial insemination has increased steadily, as has the 
practical use of tlie techniques developed by this research. Both in 
the United States and abroad, artificial breeding organizah'ons have 
cipanded their programs enormously. 

The audiors of this third edition have attempted to select from 
many e.xperimental findings tliose new facts which will be of most 
practical help to livestock breeders, managers and technicians of 
arUficial breeding organizations, veterinarians, students, teachers, 
and research workers. No one person could have chosen from tlie 
vast quantity of available materials the most important information 
on the several breeds of livestock, the problems of semen analysis 
and preservation, control of disease, and breeding and management 
practices. The editor is therefore highly gratified in having obtained 
the collaboration of leading authorities in the respective fields. 

Artificial breeding is still practiced more with cattle than with 
any other animal, but in the last decade enormous advances liave 
been made with poultry and swine. The chapters on these animals, 
as well as the chapters on disease and on the shipping of semen, 
' liavc been either completely rew-ritten or extensively revised. The 
chapters on water buffaloes, frozen semen, and the evaluation of 
semen by chemical analysis are ontireV new additions. 

The chapter, "Advantages and Limitations,” contained in tlie 
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previous editions, has been eliminated, because today nearly cvery- 
one who has an mterest m “A.l ” is aware of its strength and weak- 
ness. They know that this method of breeding allows the livestock 
owner to utilize the germ plasma of the best proved sires for an 
extraordinary number of females, and that conception can often 
be effected in cases where natural mating is impossible or hazard- 
ous. With the advances in the preservation, freezing, and shipping 
of semen, the inheritance of superior animals can be passed on to 
herds tliousands of miles away. No herd owmer today need go to 
the trouble and expense of owning his own sires 
The big challenge to the artificial breeder today is to select liis 
sires only on the basis of superior inheritance and proved merit, 
to keep a constant check on their health, and to maintain conditions 
so sanitary that there is no possibility of transmitting genital dis- 
eases through infected semen. 

On behalf of the co-authors and himself, the editor thanks tlic 
many friends who have made available reports and suggestions 
based on long and successful experience in the field of artificial 
insemination. Without the assistance so generously given, this book 
would not have been possible. 


New Brunswick, New Jersey 
January I960 


Enos J. Perry 
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Historical 


ENOS J. PERRY 


In 1677 Anton van Leeuwenlioek and his pupil, Johan Hamm, dis- 
covered sperm by the use of a magnifying lens. As reported by 
Dobell (1932), they referred to the innumerable minute bodies as 
“animalcules” with the power of active forsvard mob’on. 

The first scientific research in artificial insemination of domestic 
animals was conducted by the Italian physiologist L. Spallanzani, 
in 1780. He had attained success witli several amphibious animals 
when he decided to experiment on viviparous species, using the 
dog first. Dogs were confined in Spallanzani’s house, and after a 
lapse of 20 days the bitch manifested obvious signs of being in heat. 
Then, with semen at body temperature she was artificially insemi- 
nated, tlie semen being deposited directly into tile uterus with a 
pointed syringe. Sixty-two days following insemination, the bitch 
gave birth to three pups, all of which resembled not only the mother 
but also the dog from which the semen had been taken. In 1782 
Spallanzani’s experiment was successfully repeated by P. Rossi and 
checked by Professor Branchi. These e.xperiments proved the feasibil- 
ity of inducing pregnancy by artificial insemination, with the re- 
sultant birth of normal offspring. 

Spallanzani further discovered that the fertilizing power of semen 
resided in the sperm carried by the spermatic fluid. When the semen 
was filtered, the liquid that passed through was sterile, but the resi- 
due on the filter was high in fertilizing capacity. Spallanzani ( 1803) 

3 
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also contributed to the knowled^t f Ih'* cifect of cooling on the 
prolonging of sperm life He ob'^c c 1 thil f cezmg tallion semen 
m sno\% or ccinter cold did not m s-.inh kill the spcnmtic \cr- 
miculi but held them in a mo 1 3i ^ state ntil t ' p )scd to heat, 
after which they continued to mo fti sc\ti ind hilf hours 
His discoveries gave rise to intins ( m\csti_ ttions of the sex cells 
and the physiology of fertilization I it these st uiics did not, as one 
might have expected stimulate am I itlu r dev« Inpnicnts m artificial 
insemination for a long time In fact it v is not until the htter part 
of the nineteenth century that new experiments were undertaken 
both in Europe and Amcnca Concerning research \V Heape 
(1897), of England reported that a dog breeder Everett Millais, 
between 1884 and 1896 artificnlly mscmimtcd a total of 19 bitches, 
of which 15 produced young Heape wrote that in the light of this 
work it appears that artificial insemination is easy, tint conception 
IS as readily induced m that way as by normal coitus, and that a 
single qaculation serves several hitches He claimed that the method 
could be used to cross dog breeds whose natural mating is impossible 
because of difference in size and he suggested the plan as a means 
of studying genetic and tclcgonic factors Heape also referred to 

Pea™!' '"'f 

a number of farms artificial insemination of mares on 

- ,r 

in telegony which at llrit i r. i'? investigate problems 

breede® ‘'7^“ “"divided attention of 

in horse breeding in Europe in igim™ 

Repiquet advised iLs use as a me ’ 'r'"^" * vetennarian 

stud farms of several ?nro!eaZ:;k“' "vereoming sterility In the 
tions obtained ^\as very low sn ” percentage of concep 

improving this condition were ^he purpose of 

Stuttgart recommended the use of" " Professor Hoffman of 
naUon following natural maC insemi- 

ducted horse breeding attempt . ns ™"onally eon 

bon as possible, to introduce the „ after copula 

i '’"""Sb the utems orifire” H ■"“> ‘b® 

He gave a detailed description 
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of his techniques and the instraments necessary. After the stallion 
covered the mare, the semen deposited in tire vagina was collected 
from a depression in the lower vaginal wall with the aid of a specu- 
lum andspoon. The semen was then sucked up with a special syringe, 
diluted with cow’s milk, and introduced into the uterus. He con- 
tended that the transference of semen to other mares was not a matter 
of practical importance, and left studies in that field to others. In 
Denmark during this same period Sand and Stribolt obtained four 
successful conceptions after artificially inseminating eight mares. 
Reporting at the Northern Livestock Conference in Copenhagen in 
1902, Sand said that the most important feature of the practice was 
the economical use of the semen of a valuable stallion. Thus, whereas 
the others had viewed the method as a measure to solve the problem 
of sterility. Sand considered its potenriality for the widespread im- 
provement of farm animals. 

It was in Russia, however, that the method was first taken up 
seriously as a means of attaining this new objective. The best known 
Russian investigator, and a leading pioneer in artificial inseminarion, 
was E. I. Ivanoff (1922). In 1899 he was requested by the chief of 
the Royal Russian Stud to determine the possibilities of the method 
for use in horse breeding. Under his direction, artificial insemina- 
tion was practiced by numerous stud farms, but the results were not 
uniformly good. He noted, however, that where he did the work or 
where it was done under his oversight, the conception rate was 
somewhat higher than that obtained by natural mating. At Askaniya- 
Nova in 1912 the insemination of 39 mares resulted in 31 concep- 
tions, whereas there were 10 conceptions from the natural breeding 
of 23 mares. He also succeeded in inseminating birds. 

Ivanoff was the first to undertake successfully the artificial in- 
semination of cattle and sheep. While working with the stud farms, 
he asked permission of tlie Ministry of Agriculture to institute ex- 
periments on these species. The minister referred him to the Agri- 
cultural College at Moscow so that the investigations could be con- 
ducted on the property of the college. However, a committee of the 
professors objected to having such experiments tried on their cows. 
Ten cows were bought, and Ivanoff obtained successful results with 
some of them. He had similar success with sheep at the livestock 
farm and station at Askaniya-Nova. His results awakened much in- 
terest, and a physiological section was established in the veterinary 
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hboratory of the Ministry of Agriculture with th' special objectives 
of studying the physiology of fertilization and training veterinarians 
in the techniques of artificial mstmmation Ivinoff headed the sec- 
tion, and during the years prior to World War I between 300 and 
400 men were trained and sent out as practitioners of artificial in- 
semination A very considerable increase in the number of animals 
mechanically bred resulted Between 1913 and 1917, a total of 323 
mares were artificially inseminated m Japan 
Beginning m 1914, G Amantea, professor of human physiology 
at the University of Rome, began experiments in spermatology, using 
the dog, cock, and pigeon (Bonadonna, 1937) He is reputed to 
have devised the first artificial vagina, the one here pictured (Fig- 
ure 1) It was used to collect semen from the dog A little later the 
Russian investigators Milovanov, Filippov, Kuznetsov, Neumann, 
Selivanova, Skatkm, and others, utilized the reports of Professor 
Amantea as an aid in their development of artificial vaginas suitable 
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for the bull, stallion, and ram, and thereby expedited the artificial 
insemination program in its initial stages (Milovanov, 1938). The 
stndies of the physiology of the sperm by these men were also a 
valuable contribution to the science of livestock breeding. 

One of the early English workers was Arthur Walton ( 1933 ) , who 
reported much useful information pertaining to the handling of 
semen, based on many trials. Walton pioneered with Prawochenski 
(1936) in long-distance shipments. In 1936, sperm was collected 
from a Suffolk ram at Cambridge, cooled to 10° C., transferred to a 
thermos flask containing chipped ice, and airmailed to the Pularvy 
Zootechnical Institute in Poland. Five ewes were inseminated with 
semen two days and three hours old. Two ewes became pregnant, 
and one gave birth to a ram lamb that plainly possessed Suffolk 
characteristics. 

By 1938 the number of animals inseminated in Russia had risen 
to 120,000 mares, 1,200,000 cattle, and 15,000,000 sheep. In sheep 
farming artificial insemination had become very popular, and in 
many studs and flocks it was the sole method of breeding. 

Eduard Sorensen (1938) of the Royal Agricultural and Veterinary 
College, Copenhagen, a close student of the Russian technique, and 
Jens Gylling-Holm, agricultural adviser of Tranebjaerg, oiganized 
the first cooperative artificial breeding association in Denmark in 
1936. It had 220 members, and 1,070 cows were inseminated the 
first year. The average number of inseminations per pregnancy was 
1.68, a rate slightly better tlian the natural service in the same herds. 
Fifty-nine per cent conceived on first insemination. 

The first demonstration in America proving that large numbers 
of cattle could be successfully bred by artifieial insemination was 
conducted at the North Central School of Agriculture and Experi- 
ment Station at Grand Rapids, Minnesota. It was started in 1937 
and finished in the spring of 1938, with 98 cows pregnant. 

The first cattle breeding organization to use artificial insemination 
in the United States began operations in New Jersey on May 17, 
1938, as Cooperative Artificial Breeding Association No. 1 (Perry 
and Bartlett, 1955). It started with 102 members, and it w.as modeled 
after the Danish system; 1,050 cows were enrolled, and it grew 
rapidly. The first technician was J. A. Henderson of Canada, and 
his associate and adrisor for two months was A. F. Larsen of Den- 
mark, who had successfully performed the work in his country's first 
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association The number of cows msen mated by the 71 cattle breed- 
ing organizations of the bnited St iics m 1958 totakcl 6 645,568 from 
975,372 herds— about 30 per cent tr th milk cow population of the 
countr) One bull has been bred t > n ort than 3 10 000 cows, and 
many others to from 30 000 to 50 f »■)— ‘artaslic figures to dairymen 
a few >ears ago Two artificial msemi’iation bulls each have over 
1,200 production tested daughters th^ end of 1958 several other 
countries had made still more amazing strides in increasing the 
percentage of cows being bred artifir lall) These were Denmark, 98 
per cent, Japan, 92 per cent (dairy) Netherlands, 65 per cent, Eng- 
land and Wales, 58 per cent, and Sweden, 26 per cent Marked head- 
way was reported for Ireland with 26 per cent. West Germany, 25 
per cent, and France, 23 per cent In a world survey conducted at 
the request of the National Association of Artificial Breeders of the 
United States, reports from 54 countnes rescaled that a total of 
ffi.486.101 cosvs and ssater buffaloes ssere artificially inseminated m 


With the ness er hnoss ledge of presersing and shipping bull semen, 
a system of centralized operation ssas des eloped for the cattle im- 
TiIuTb rr"* *''™“8l'ont much of the svorld The keeping 

LedmgorganiLTons •'>'= 

diseosered a practical method tor theToln'T 

semen of certain snecies bv dee f ® Preservation of the 

by means of dj;,T(CO^ Bet!;"™! C . 

fossl sperm markedly aeainst In 7 "^ ® yt^srelized diluter protected 

had been huff^ed ssuh egg ^P®™ that 

«Hh glycerol diluler for sfvetiS^o”mrr“'T <=qrehbrated 

■ng conception rate svas satisfarto “ ^ 

ampoules of frozen bull semen ss.X. ^ distance shipping of 

las become a common practice Theref'*" some countnes 

nitrogen The latter ssL maJe ‘^'y '‘Un'-J 

Sersice of Madison, Wisconsm*^ (IBiyrl '’n/c® Breeders 

PO"eror,h=hq„,dm,mgeTromesmf r * 

'emperatures much lesser dian that of dn w 

U ice The Waterloo Cattle 



Historical 


9 



Figure 2. Dr. Joseph Edwards, Dr. A. S. Parkes, and Dr. C. Polge, of England, who 
were associated with the discovery of the technique now used for freezing sperm 
ot very low temperatures. 


Breeding Association of Waterloo, Canada, was the first breeding 
organization in the world to operate a 100 per cent frozen semen 
program, beginning in December 1954. The Ontario Veterinary Col- 
lege at Guelph, Canada, conducted early trials in tlie large-scale 
processing of frozen semen and the developing of practical equip- 
ment for storage and field use. 

Artificial insemination has been used experimentally to yield hy- 
brids or bastards between species that do not voluntarily mate. For 
e.xample, zebroids have been produced by crosses between the male 
zebra and mares, and progeny have resulted from crossing domestic 
cattle with the zebu and bison. On the other liand it was proved im- 
possible to cross the sheep and goat, the dog and fox, and the Euro- 
pean rabbit and hare. 

Tile number of workers in the field of artificial insemination has 
increased rapidly, and much literature has accumulated upon the 
subject. Improved techniques have been developed for the eolicction 
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,1 o! semen of the common farm ammais and for their 

msemmation Along with these advances man> new facts have been 
established concerning the biology and 

the secretions of the rcproductne glmds of the male and of mmla 
non and heat and their related phenomena in the female Oppor- 
tunities for further studies and discovenes are unlimited 
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Male and Female Organs 
of Reproduction 


JOSEPH EDWARDS 


An understanding of the structure and fimctioning of the organs 
of reproduction is essential if an intelligent application of the tech- 
nique of artificial insemination is to be made. The subject can be 
dealt with only very briefiy in the present chapter. 

THE MALE ORGANS 

Structure. The organs of reproduction in all domesticated species 
of animals are essentially similar; a description of them as they occur 
in the bull will be given. They consist of the testes or testicles (see 
Figure 3). which are suspended outside the body cavity in the 
scrotum. The spermatozoa or sperm are formed inside these testes. 
A coiled tube leads off from each testis and forms a body, the 
epididymis, in which the sperm mature and are stored until ejacula- 
tion occurs. From this a tube passes through the inguinal canal into 
the body cavity. These tubes come together and enter the uretlira, 
a structure which is continued within the erectile penis. The point at 
which the tubes makes contact with the urethra is close to that at 
which the bladder also opens, and from this area both semen ( during 
mating) and urine (during micturition) pass to the e.vterior. 

Also in this area are to he found accessory glands, the largest of 
11 




12 Art, fad InsemnaUon of Tom An.mo^ 



Fijur. 3 R.preducl r. orponi of o b»« A tlooi wieU 1« Kiowl cord .upplying 
Inti I Teilti-form. iporn E Ep (i.aynii>->lom ipetm V Vo> defeteoi-oon 
duet* iperm in eioeulotion F Vpicolp leminol >-*ppp'iei Roidn diluling ipoiiPP 
lotoo on eiaculotion P Pemi-mlfom Hent orgon U Opening e5 wrelViro-<on 
ducts letnen ond otso urine frow btodder 8 BJodder—stores urine 

which are the vesicu\ae semmales (F m Figure 5) Others include 
the prostate and Cowper’s glands Dunng copulation the sperm from 
the testes are diluted, to an extent which vanes with the species, 
wnth liquid secretions from these glands, and the resulting mixture is 
called the semen In the boar the cells lining the urethra also con- 
tribute matenall) to the volume of the semen 
The surface of the penis js well supplied with numerous sensory 
end organs, and the fact that the organ is extremely sensitive should 
always be home m mind It is sensitive to manipulation (the sheath 
and not the penis should he handled at the time of semen collection ) , 
and it IS sensitiv e to temperature If the inner surface of the artificial 
vagina is loo hot, pam will be expenenced, if it is too cold— m some 
cases as hlllc as 2 F below blood heal— the ejaculatory process will 
not l)c completed The penis is sensitive also to the surface of the 
inner lining of the vagma A high quality rubber with a perfectly 
smooth surface should alwavsbe us^ 

Funchoning of Testes The testes have two important and quite 
distinct functions-Uie production of sperm and the production of 
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Figure 4 Secljon through jeminiferoos lwbo!e» of the feitU a. Bowmerjt membrone. 
b. Spermotogonlum c Spermatocyte d. Sperm In covity of tubufe. e. Intentitio! 
tmuo containing blood ve»»ef» (F. H A ManfioU, The Phyilofogy of Reproduction, 
London, 1900) 
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the male sex hormone To understand the way m winch these func 
tions are perlonned, it is necessary to make a most intimate study 
of the organ The greater part of each testis is composed of minute 
lubes, which under the microscope are seen to have a cross section 
appearance as shomi in Figure 4 (one half of each of two tubes is 
to be seen) The sperm function is carried out within the tubes, and 
the male sex hormone is produced by the tissue between the tubes 
hetu een the base of each tube and its cavity m the center a progres- 
sise senes of changes m cell structure take place and the original 
"mother cells” at the base give nsc in the end to the sperm During 
the process there is a reduction by half in the number of chromo- 
somes that each cell normally contains, and sperm capable of de- 
termining the male or female sex after fertilization are produced 
in equal numbers All efforts to control sex by attempting to segre- 
gate, destroy, or increase the survival power of one or the other 
t)pe of sperm so far have faded to produce results 
Onset of Spermatogencats There are records of bulls being proved 
fertile by natural sen ice, when as young as six months, and at estab 
hshmeuts where bulls are reared from calfhood for artificial breeding 
units, semen of apparenll> good quality has been collected from this 
age onwards Breed, mdi\iduahl>, and growth for age are factors 
still to be examined separatel> and together and it will also be m- 
tercstmg to know the effect upon growth and sperm production later 
m life of a period of actuity shortly after puberty which is followed 
oj one of inactivity Frozen and banked collections of semen from 
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Figure 5. Rate of sperm production in the rabbit: comporison between weight of 
testis and number of sperm per week. 


ing 8 gm. Standards for rate of sperm produetion for bull, stallion, 
ram, and boar have yet to be defined in this way, although for the 
bull recent American research suggests that it may not fall far short 
of that for the rabbit. 

One or two sample ejaculates are unlikely to provide much evi- 
dence of differing rates; because of storage eapacity, several ejacu- 
lates have to be collected over a short period of time if different 
levels are to be revealed. In an experiment with a group of 15 bulls, 
from each of which ten ejaculations were collected in a space of 
two hours, it was found that the bulls did not arrange themselves in a 
stable order of merit for sperm production until after the fifth or 
sixth collection. In Table I the total number of sperm in the first two 
collections and in ten collections are given for five of the bulls. 
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Totoi 

Total sperm tn 


2 ^aculaif's 

lO^acidaUs 

BwJl 

(tniihons) 

{millwns) 

1 

6,584 

28,544 

2 

7,469 

20,303 

3 

9,647 

18,061 

4 

8,236 

15,959 

5 

4,089 

11,036 


Although quite a lot is loiown about internal factors affecting the 
onset of sperm production— the effect of the pituitary gland, for 
example-there is still little evidence to show the way in which the 
rate may be influenced. Further research will no doubt yield results 
in this field The effect of the pituitary gland hormone in the male 
is qualitative hut not quantitative, that is, the presence of the hor- 
mone is essential for spermatogenesis, but larger amounts of it will 
not increase the numbers produced. This contrasts with the be- 
havior of the comparable gland in the female— if one ovary is re- 
moN'ed, the remaining ovary will compensate by producing twice 
its normal number of eggs. If one testis is removed in the male, the 
remaining testis will not compensate but will continue to produce 
at its own characteristic level. 

Temporary infertility may be observed in males when there is a 
sudden change from a high plane of nutrition to one which is normal 
or low. The first state of affairs— high to normal— frequently arises in 
the case of males produced in a very high state of condition for 
pedigree sales and subsequently brought down to normal feeding in 
a commercial unit. The effect sets itself right in a short time (one 
or luo months). The successful treatment of bulls of low fertility 
wlh ascorbic ac\a has been reported, but the evidence is not con- 
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Ftgoro 6 Living bull spermatozoa Ultraviolet photomicrogroph O. L. Han~ 

coclr. Jour Expt Biol, XXIX [I9J21, 445) 


Tlie sperm are very sensitive to high temperatures, and tlie scrotum 
is a meclianism for regulating temperature Low fertility is liable to 
occur after a period of fever in tlic animal. 

Flow of Sperm in the Male Tract. The [low of spenn in the male 
tract IS extremely interesting and significant. There is, of course, a 
constant flow from each testis, and the sperm leave from the top 
end of the organ as it hangs m the scrotum. A tube nins down the 
side of the testis to its b.isc and here coils evtcnsii’cly to form the 
main part of the epididymis (E in Figure 3). This stnicturc can Iw 
felt through the scrotum— in the bull it is about the sire of a walnut— 
and its condition is a sers- crude indic.itor of fertility. In a fertile 
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male it is firm to the touch whereas it is flaccid in one of poor fertility 
The sperm are stored in this part of the epididymis, and it is believed 
that here the> undergo a matunng process At the time of ejaculation 
the sperm are moied bj rhythmic contractions through the tube 
which connects the testes with the urethra, where, as already de- 
scribed, they are diluted with secretions from the accessory glands 
to form the semen 

In the case of a male which is not given service the sperm con- 
Utvwe to be produced at a normal rate The flow is not mtemipted, 
and the old sperm are moved out of the epididymis into the tube 
(\as deferens] by the amval of the new The evidence suggests 
that, masturbation excepted, the only way in which the old sperm 
are disposed of is by disintegration and absorption by the walls of 
die tube It IS clear therefore that the sperm content of the epididymis 
at any time is a blend of sperm of different ages, and that it is nec- 
essary to study the rate at which individual hulls are capable of pro- 
ducing sperm so that a schedule of collection may be arranged which 
will gwe the best t>p€ of ejaculate Infrequent collections will re- 
sult, in the case of a bull of high producing ability, in initial ejacu 
latcs of aged or dead sperm A case is Vmown of a bull from which, 
if the collection inter. a\ is as long as ten days, three to four ejaculates 
of such semen have to be discarded before one of good quality is 
obtained On the other hand, overfrequent collection may result in 
the ejaculation of immature sperm with less than normal ability to 
fertilize and sustain storage conditions 
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Tabie II 


Animal 

Average 
volume of 
Maculate 
(c.c.) 

Average 
concentration 
(inilUons 
per C.C.) 

Storage survival 
time* with 
retention of 
fertilizing 
capacity {days) 

Number of 
females per 
ejaculate 

Bull 

4 

300-2,000 

4-6 

100-600 

Ram 

1 

800-4,000 

5-7 

40-100 

Stallion 

50-100 

30-800 

1-2 

8-12 

Boar 

200-250 

25-1,000 

% 

4—8 

Cock 

0. 2-2.0 

H-60 

Always use fresh 

6-10 


* For liquid (non-deep freeze) state. 


expenditure of this limited amount of energy by controlling sperm 
activity, and this is effected in the case of dense concentrations ( for 
example, bull and ram ) both by the accumulation of carbon dioxide 
gas produced as an end-product of sperm metabolism and by cooling 
the semen to a temperature of S” C. Before the time when egg yolk 
and milk came to be used in tlie artificial dilution medium, it was 
necessary to cool slowly; but the use of these substances, acting in 
a way still undefined, makes possible tlie simple cooling technique 
now practiced. In the case of the very dilute boar and stallion ejacu- 
lates it can readily be imagined that the sperm will have used up a 
considerable part of their energy before either carbon dioxide con- 
centration or cooling is able to control their activity. There may be 
additional factors at work, but it is thought that the dilution itself 
has a considerable negative effect on storage capacity in these two 
species. 

The individual sperm (or spermatozoon) is an extremely small 
structure somewhat loss than Vino of an inch in length and tadpole- 
like in shape (sec Figure 7). Inside the head is the nucleus which 
contains the chromosomes— rod-like structures on which the units 
of heredity (genes) are located. The tail is used, as in the tadpole, 
as a means of locomotion. The swimming action of the sperm takes 
place inside the female tract in the liquid medium that bathes its 
surface. The egg (or eggs) produced by the female may ho pene- 
trated by more than one spenn, but one sperm only makes contact 
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Figure 8 Hydroides bexagonus (Annelida). Spermatozoon entering an egg Head 
(nucleus)^ two middle pieces, port of the flogetium, and a very small part of the 
ocrosome ore included. In this species it is considered that lytic material comes 
from the spermotozoon end erodes a hole (dear area) in the egg membrane. The 
large sperm head con then pass into the egg. Approximately Xl9,385. (Courtesy 
Co/win ond Co/win, Oueent Co//cge.} 


semination arc used. (T)iis is equivalent to 1 c.c. of a 1:50 dilution 
of an ejaculate of 800 million density.) In the future this numitcr 
may be still further reduced, but it must be remembered that the 
sperm encounter many hazards during their ascent in the female 
tract and that large miml>ers fail to reach the site at \\hich fcrtiliza- 
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deUcale organic mdthftifreUte"^^^ is an extreme: 

!tagc of the artilioial in miSrnr 
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Sex Drive. It was noted earlier that the testes exercised a hormone 
function in addition to their sperm function. The male sex hormone 
produced by the testes is responsible for the development of the 
secondary male characters— for example, the thickening of the crest 
over the withers, the strong horn, the deepening of the vocal sounds 
in the bull, and the sex drive or willingness to serve. This last func- 
tion is quite unrelated to that of sperm production, a fact that is 
obvious from examples of males which are keen at service' although 
sterile, and from contrary cases. The presence of the hormone is the 
foimdation of "maleness,” and the mating process becomes essentially 
a reflex act governed by the nervous system. 

The behavior of males prior to and during service constitutes a 
fascinating aspect of animal behavior. In certain species of birds 
and animals the display on the part of the male that precedes the act 
is elaborate and is carried out according to a definite pattern. It may 
not appear to be either as elaborate or as definite in the case of bulls, 
but sufllcient is known for it to be realized that the mechanism is 
delicately balanced and dependent, especially in the case of older 
animals, on what the psychologist would describe as conditioning, 
In this respect the bull is very much a creatine of his environment— 
he becomes used to his surroundings, the personnel who look after 
him, the preparations for semen collection, and the technique itself. 
A. Sudden change of any one of these factors may , upset him. If, on 
the other hand, a bull becomes slow at service, it is sometimes pos- 
sible to stimulate him by creating a sense of frustration, either by 
allowing him to see other bulls serve before he is permitted to do so, 
or by leading him up to the cow as if he were going to be used but 
immediately returning him to his stall. The Russian workers who 
have made a close study of bull psychology recommend that this 
latter course should be followed daily with inactive bulls. 

the female oncANs 

Structure. The structure of the female organs of reproduction is 
similar in our domesticated species of livestock, and once again that 
of the bovine will he described (sec Figure 10). 

The ovaries, which give rise to the eggs or ova, are two in niimher 
and arc connected to the hack of Uie female inside the main body 
cavity. The utenis, or womb, is not in direct contact with the 
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jvaTies.but the passage o{ eggp into it is effected liirough t^'*o ovi* 
iucts (Fallopian luhw), v.hich protrude from each horn of the 
uterus and end in funnel-shaped openings. These funnels, particu- 
larly around the time of ovulation, sunound the oi-aries so that the 
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eggs do not fall into the body cavity but enter the uterus. The egg, 
though minute, is much larger tlian tlie sperm and is about Yiso inch 
in diameter. 

The uterus proper consists of two horns and a body. The surfaces 
of these structures in the ruminants (cow, sheep, goat, and so on) 
are found to possess a large number of processes called cotyledons, 
which become much enlarged during pregnancy; and it is to these 
that similar structures developed around the embryo attach them- 
selves, and through them that the developing young is nourished. 
These surfaces are also richly supplied with glands which produce a 
fluid secretion; it is through this medium that the sperm ascend to 
fertilize the egg. 

The uterus ends in a firm canal called the cervix, and from this 
point connection with the exterior is made by the vagina and vulva, 
or external opening. The state of the cervix, the opening into the 
womb, varies both with the species and with the stage of the re- 
productive cycle. In the case of the normal cow the cervix opens 
slightly during estrus (or heat), so that at this time it is possible to 
pass the inseminating tube through into the uterus. Tubes of a nar- 
rower diameter may have to be used fpr heifers and the smaller 
breeds of cow. In normal mating tire penis of the bull does not pene- 
trate the cervix, and the semen is deposited in the vagina close to 
the entrance. In the ewe it is not possible to do more than introduce 
the semen into the entrance of the eers'ix. In the mare, on the other 
hand, the dilation of the cervix during estrus is considerable; and to 
judge from the difficulty experienced in withdrawing semen from 
the vagina after a normal service, it is concluded that the bulk of 
it is deposited in the uterus during the act. 

Between two heat periods the opening of the cervix contracts; 
and if pregnancy follows service or insemination, it becomes sealed 
off hy a secretion which is sticky and gelatinous. 

Functioning of the Ovaries. When puberty or sexual maturity is 
reached, the ovaries begin to function with a rhythm or cycle of ac- 
tivity, the most evident manifestation of which is estrus or heat. The 
duration of heat is about 19 hours, .and tlie interval between heats 
19'/^ to 20 days. There are individual and se.asonal variations in these 
times. 

As in the c.aso of the testis, an understanding of the functioning 
of the ovary c.alls for a more detailed study of its structure. Tlie tissue 
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xn the surface layer area contains \ery large numbers of potential 
egg-forming cells There are many more of these than arc required 
for the breeding hfe of the ft in ile — the estimate for the heifer is 
75,000 As the heat period is apptoached one or a few ova begin to 
mature, each in a small follicle or sac. The follicle grows, and at the 
onset of heat is grape-hhe Ixoth in appearance and size. Its outer 
wall encloses chiefly the mature egg and a (juantity of liquid. About 
14 hours after heat is over in the cow— alxout 24 hours before it 
finishes in the mare and at about the end of heat in the ewe and 
sow— the wall of the follicle ruptures and the liquid content oozes 
out, washing the egg into the funnel-shaped ending of the tube lead- 
ing to the uterus. Fertilization in the presence of sperm takes place 
in this tube, and the egg then passes into the uterus. The* various 
stages in the estrous cycle here described are shown in Figure 11. 

The life of both the egg and the sperm in the utems is limited, 
and failure to achieve conception may result from wTOng timing. 
This is particularly important in the marc, because in this species the 
duration of heat is always a matter of several days. Marcs tend to 
have a characteristic duration of heat during the breeding season, and 
insemination planned to coincide with the last two to three days 
will give much better results than one early in Uie period. 

It is now necessary to examine the change that occurs in the 

surface of the follicle in 
w^ch the egg matured now proceeds to produce a different kind of 

t “"‘y- This tissue fonns, in 

or r hfO'™ i»s the yellow body, 

{the cornus l'*t" has tahen place, this yellow body 

“'ntost to the end of 
ftaM !irr w n-r'T 12) in the early 

hormone which, amo„„nVr."'„.JTf°"' responsible for 


tion of eggs or sy‘‘mpto ms‘'o7heIh''''‘''*’ further produc- 


H mating or 
conception fails 


h’hn P'noe during heat or if 
reaches its maximum sitip yellow body normally 

heat and thereafter proceeds tn^ "‘"'h ‘^“1' 

thU phase of regSn a ll. TrT.™'*”" “<1 ““‘ive- During 
t'vity begins again in the slie or olh" egg-producing ac- 

more at the next heat period. Foil' °™’V' reaching its peak once 

Penod. Folhcular activity is controlled quanti- 
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figure 12 Petition of reprodwettve orgon* In cow C Cervix R Rectum 
U Uterus O OvorY 


tatively by a hormone (FSH) produced by the anterior pituitary 
gland ( cf , Functioning of Testes ) , and the number of young to which 
the female gives birth depends very largely on the amount of this 
hormone that circulates in the blood In the mare and the cow it is 
normally sufficient to cause the maturation of one egg at each heat 
period In the sow, on the other hand, several eggs are ripened, and 
m the ewe, twinning, as a result of the production of two eggs, is 
common The latter species provides evidence of the fact that the 
plane of nutrition affects fertility— ewes “flushed” with a protein- 
nch supplement before mating produce larger lamb crops as a re- 
sult of a higher rate of egg production This rate may also be in- 
fluenced by injection of the follicle-stimulating hormone now ob- 
tained from the blood of pony mares which are between the fiftieth 
and ninetieth days of pregnancy 

The use of this hormone to increase the lamb-crop from ewes and 
to get them to breed out of season has been tried successfully, and 
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a field experiment in cattle, associated with the routine functioning 
of an artificial breeding center, is being tried out in England for the 
first time in 1959. Although twin calves are not wanted in purebred 
dairy cattle breeding, it is quite different where beef calves are re- 
quested, either from beef-type cows or from commercial dairy cows 
for which "beef” semen is used. (In England and Wales semen of 
“beef’ breeds is used for one-third of all artificial breeding matings. ) 

Abnormal Ovarian Conditions. The faihne of cows and heifers to 
come into heat may considerably upset a herd breeding program. 
This phenomenon may result from a variety of conditions affecting 
the functioning of the ovary. A relatively rare cause is one in wliich 
the ovaries become completely inactive (anestrous); they are much 
smaller than normal in size and produce neither follicles nor yellow 
bodies. There is some evidence to suggest that this may be caused 
by a low plane of nutrition, which might particularly affect a group 
of young breeding heifers wintered under rough conditions. Im- 
proved nutrition prior to breeding may prevent this state of affairs; 
but if it exists either in a group of heifers or an individual cow, it 
may be overcome by the injection of the follicle-stimidating hormone 
(PMS, 2,000 international units). It is necessary by an examination 
per rectum (Figure 12) to be certain that the ovaries are in the 
anestrous state before using this treatment; for if “still heats” (that is, 
the egg being shed without signs of heat ) are occurring and there 
is a corpus luteum in the ovary, there is the danger that two or more 
eggs may be shed. 

In individual cases and for a reason not yet understood, the yellow 
body may persist in the ovary in tlie absence of conception. In tills 
state the ovary cannot return to tlie follicular phase, and the yellow 
body has to be e.\pelled (per rectum) before it may be resumed. 
In the majority of cases ovulation and heat occur two or four days 
after the operation. An ovary in which the follicle has become cystic 
and from which the egg is unable to be expelled may also be treated 
in this way. In the former case the symptom is an absence of heat, 
and in the latter this, too, or a prolongation of heat or a frequent 
series of estrous periods. 

With regard to other types of infertility in cows, it is true to say 
that artificial insemination experience has had a very sobering effect 
on many theories that flourished before this new body of experience 
became available. Inseminators will be puzzled by goods results in 
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herds in which the physical < oiidition of tlic cows and even the state 
of the breeding passage leave much to be desired; and, on the other 
hand, by poor results in than, well-managed herds in which all 
factors appear to be nonnai In general it is true to say that both 
under- and overfeeding arc enemies of normal fertility, and the ideal 
state is one in vvlv.. i the animal is in a hard thriving condition. 
Further research il jnc can provide the answers to problems to which 
these explanations and generalizations do not apply. 

In pregnancy in the cow the blastocyst stage lasts until about 18 
days and the embryonic until about six and one-half months, during 
which time the growth of fetal membranes is relatively greater than 
that of the embryo. In the last two months of pregnancy— the fetal 
stage— this is reversed, the fetus growing more rapidly. 

It is in the first and the earlier part of the second stages of preg- 
nancy that embryonic death occurs, and this is mainly responsible 


1*0 



Figure 73 The "Fertility Berner." The C R 

« never hWely to go beyond 75 to 78 L, . ^20 days) 

largely to embryonic death ^ cow population, due 
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for the initial non-return rate (30 to 60-day) and the further decline 
of about 10 points that occurs up to the 90 to 120-day non-retum in- 
dex for the same group of females. The cause is unknown: One 
theory associates the phenomenon with a lack of a substance in the 
uterine secretions. 

A practical result of tin's pregnancy defect is that a “population” 
of cows in a variety of farm conditions imposes a “fertility barrier” 
beyond which differences in male fertility cannot be demonstrated. 
Figure 13 shows, for more than 1,000 bulls with non-retum rates 
(90 to 120-day) calculated for not fewer than 500 cows each that the 
barrier exists at around 7S per cent. Relative degrees of male fertility 
between this and the upper limit will need to be detected in some 
other way, and this may be important in discovering the cause of 
differential response to freezing of semen among bulls with fairly 
similar non-retum rates with liquid semen. 
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Evaluation of Semen 
by Chemical Analysis 


T. MANN 

^Ahereas the early investigations on semen were chiefly concerned 
svith morphological aspects, the more recent developments are the 
oycome of studies in several other fields of science, among them 
hiochemistiy. The voluminous literature pertaining to the subject 
of biochemistry of semen, including the secretions of male accessory 
organs, has been reviewed in recent years on several occasions, both 
m a monograph (Mann, 1954) and in review articles (Mann and 
toS li I’ 1939)- Data pertaining to more im- 

Table III occur in semen are summarized in 

r^larthe I r‘" ‘o discuss 

by means of ^e "icTSmer’'^ 


SPERMATOZOA 

The tsvo components of whole semen tt.ee - 
seminal plasma, each possess a vcrTeU ^ ^«™=>'ozoa and 

position. The main chemical cmst^ characteristic chemical com- 
deoxyribonucleoprotein in the sn ' ^PCrmatozoa are 

P otein, m the spmm nucleus; protein-bound muco- 
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polysaccharide, in the acrosome; aldehydrogenic lipid (plasmal- 
ogen), in the midpiece and tail; keratin-like proteins, which com- 
pose the sperm membrane and fibrils; and a variety of enzymes and 
coenzymes, which control the motility and metabolic activity of 
spermatozoa. 

Deoxtjribonucleoprotein, The sperm nucleoprotein is composed 
of deoxyribonucleic acid linked to a basic protein. Although present 
in the sperm nuclei of all species, the deoxyribonucleic acid is not 
identical in every species; it differs significantly witli regard to the 
proportion of the four main bases, namely, adenine, guanine, cytosine, 
and thymine. Similarly, the protein to which deoxyribonucleic acid 
is bound, although generally rich in basic amino acids, particularly 
arginine, differs from one species to another. Moreover, recent evi- 
dence indicates that some deviations from the normal content and 
composition of the sperm deoxyribonucleoprotein occur in sperma- 
tozoa from subfertile individuals. 

The determination of nucleic acid in spermatozoa can be car- 
ried out by several methods; the most commonly used is that based 
on the analysis of nucleic acid phosphorus content (Schmidt and 
Thannhauser, 1945; Schneider, 1945). The recent application of 
microspectrophotometry to semen analysis has led to a micromethod 
capable of determining accmrately the amount of deoxyribonucleic 
acid in single spermatozoa (Leuchtenberger and Leuchtenberger, 
1958). 

Acrosomal Polysaccharide, The acrosome contains a characteristic 
protein-bound polysaccharide which is responsible for the periodic 
acid-Schiff staining reaction (PAS) of spermatozoa. Chemical anal- 
yses of this polysaccharide have been confined, so far, to a few 
species only. They show that the four main sugar components of the 
acrosomal carbohydrate are fucose (a metliylpentose), galactose, 
mannose, and hexosamine. The function of the acrosomal mucopoly- 
saccharide is probably linked with structural rather than metabolic 
features of the sperm cell, and may be related to the characteristic 
“swelling” changes which occur in the acrosome as a result of “cold- 
shock” or “senescence.” 

Plasmalogen. The predominant intracellular lipid of spermatozoa 
is of an aldehydrogenic nature, namely, a choline-containing plasmal- 
ogen. This plasmalogen produces a fatty aldehyde on hydrolysis 
, and is responsible for the so-called plasmal reaction (staining rcac- 
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tion \ ith Schiffs fuclisin \ irons acid rcngcnt) cliaractcristic of 
spermatozoa Recent stnd ndicate tint phsmalogcn ma> be the 
substrate for the so calle idogcnoiis respiration of spermatozoa 
Lecithin ^\hlch at one t \tis credited with being the mam lipid 
component of the sp i U is nou kno^vn to be more or less com- 
pletely absent from nrr itozoa Some cholesterol is associated ^nth 
the sperm plasi i _,cn, and so are small quantities of certain other 
steroids 


The proctd irc for the determination of plasmalogcns in sperma- 
tozoa IS based on the reaction of fall) aldeh)dc ^^lth the Fciilgen 
reagent The lipid solution prepared by extraction of spermatozoa 
\sath chloroform methanol or propan-2-ol, is evaporated to dr)aicss, 
the residue dissolved in acetic acid, and this solution treated for 
colorimetric determination with Feulgen’s magenta reagent The 
plasmalogen content is calculated from the values obtained in the 
colonmetnc determination, with palmilaldeh) do as standard (Har- 
tree and Mann, 1959) 


Keraltn hl^e Proteins In addition to the basic protein associated 
with deoxyribonucleic acid, which is confined to the sperm nucleus, 
the spermatozoa contain other proteins, among them a keratin like 
substance which occurs in the sperm membrane and fibrils, and 
which IS characterized by a high sulfur content This keratin like 
protein which ^ yet has not been studied to any great extent, ma) 
be responsible for the remarkable clastict) of the sperm struclnre 
hnzymes and Coenzymes Spermatozoa contain a large vanetj 
t “zymes of hydrol)tic and oxidative nature Some of them, such 
mem ’’nfn bo«nd firmly to the 

S bTs^J'" , ’ hyaluromdase. are readily re- 

sumed to\TirtT, ‘'’v ^"“'■"'J.ng medium and are as 
rnected ' tb the enzymes 

succmic fiehydrogeni?'’which ond'™^ spermatozoa includes 
acid, sorbitol dehydrogenase whmh ™ecinic acid to fumanc 
L-amino acid oxidie which Lt ^ sorbitol to fructose, 

certain L-amino acids and l *^e oxidative deamination of 
peroxide as oxidation’ produ^^l^icT/*'^'"'’"''* hydrogen 

for the reversible oxidoreduction of laetf responsible 

a number of other oxidiymcr pynivic acid, and 

acids as substrates ® "'’“eh ul'bze various fatty 
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The cytochrome system of spermatozoa, which plays a pivotal 
role in the oxidative sperm metabolism, is probably concentrated 
mainly in the mitochondrial sheath (broad helix) of the middle 
piece. The components of that system consist of cytochromes a, as, 
b, c, and in certain animals also cytochrome e, and account for the 
main bulk of sperm-hematin. In tliis respect the spermatozoa differ 
markedly from other animal cells, which contain several other hemo- 
proteins. Noteworthy is the extremely low content of catalase in 
spermatozoa. This hemoprotein enzyme, widely distributed in other 
animal tissues, is practically absent from mammalian spermatozoa. 
Consequently, spermatozoa eannot decompose added hydrogen 
peroxide, and are unable to prevent the accumulation of hydrogen 
peroxide, which can arise in the course of oxidative reaetions and 
whieh is highly toxic to the sperm cells. 

Among the coenzymes present in spermatozoa, adenosinetriphos- 
phate and diphosphopyridine nucleotide are particularly important. 
The level of adenosinetriphosphate in spermatozoa is related closely 
to the degree of sperm motility. Diphosphopyridine nucleotide plays 
an important role in several oxidoreductive processes, notably in 
the o,\idation of phosphoglyceraldehyde to phosphoglyceric acid, 
which constitutes an essential intermediary step in sperm fructolysis. 

SEMINAL PLASMA 

The seminal plasma, which represents the combined secretions 
of the epididymis, vas deferens, prostate, vesiculae seminales, and 
Cowper’s glands, is distinguished by a high content of certain or- 
ganic substances, such as phosphorylcholine, glycerylphosphoryl- 
choline, citric acid, fructose, inositol, sorbitol, ergothioneine, and 
spermine, most of which are not found normally, at least not in large 
quantities, elsewhere in animal tissues and body fluids. Among the 
inorganic constituents of seminal plasma, the high content of potas- 
sium, calcium, and bicarbonate, is particularly worth noting. 

Phosphorylcholine and Glycenjlphosphorylcholine. Whereas the 
semen of man possesses a high content of phosphorylcholine, that 
of the large farm animals abounds in glycerylphosphorylclioline. Kam 
seminal plasma, in particular, has a high concentration of glyceryl- 
phosphorylcholinc, while bull, stallion, and boar seminal plasma 
have a lower concentration. Glycerylphosphorylclioline originates in 
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several accessory organs of reproduction, but the cpididymal secrc* 
lion IS a particularly rich source of this substance. Glyccrylphos- 
phorylcholinc is fairly stable in semen, and it is not readily attacked 
by enzymes present in cither the spermatozoa or the seminal plasma. 
Phosphorylcholinc, on the other hand, is very quickly dephos- 
phorylated in human semen, mainly as a result of the action of the 
phosphatase generated by the prostate gland. Tlie enzymic break- 
down of phosphorylcholinc, which occurs in human semen after 
ejaculation, leads to the formation of free phosphoric acid and 
choline. The phosphoric acid thus liberated enters into further chem- 
ical reactions, for example, it combines with spermine to form crys- 
talline spermine phosphate. Unlike human semen, the semen of farm 
animals contains little or no spermine. Glycerylphosphorylcholine 
and phosphorylcholinc can be determined in semen either as choline 
(after hydrolysis) or as organically bound acid-soluble phosphate; 
they can be further separated by chromatographic analysis (Daw- 
son, et al, 1957), 

Citric Acid. In man, citric acid is produced chiefly in the prostate 
gland; in the bull, boar, and stallion it is derived mainly from the 
seminal vesicle secretion. Citric acid is not utilized as a nutrient by 

llL ViTI'T-”' ' ™ “ "0* altogether 
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of o!, 1957). ^ f ofooally (Speck, Bf ah, 1946, Mann, 

was first reported mbovtarafatoX seminal sugar 

been extended to a wide ranne of " ^omen. The finding has now 
boar, guinea pig, mhbil mXiXdXif 
most animal species, fructose k nrrJ mole, and hedgehog. In 
m closely analogous glands Rnf^- seminal vesicles or 

there is no fructose. The snpr™*? ^ *®stis and in the epididymis 
spermatozoa first come in contact with 
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fructose during the ejaculation process, that is, at the moment when 
the seminal vesicle secretion is voided. Once it reaches spermatozoa, 
fructose diffuses into the cells, and this marks the onset of fructolysis, 
a process wliich starts witli fructose, continues through a number 
of intermediary reactions, and ends with the formation of lactic acid. 

The rate of fructolysis can, therefore, be assessed in two ways, 
either by measuring the amount of fructose which is used up in the 
course of fructolysis or, alternatively, by tire determination of lactic 
acid, wliich is formed as the end product. These determinations re- 
quire 0.02 to 1 ml. of semen, according to the species and experi- 
mental conditions. Fructose is best determined in protein-free fil- 
trates obtained from semen after the removal of proteins either with 
zinc sulfate and sodium hydroxide or with zinc sulfate and barium 
hydroxide or with etlianol. The actual colorimetric or photometric 
determination depends on color reactions of fructose with keto re- 
agents, such as resorcinol or diphenylamine (Mann, 1948). Lactic 
acid can be determined colorimetrically in protein-free filtrates ob- 
tained by deproteinization of semen either with zinc sulfate and 
barium hydroxide or with trichloroacetic acid (Barker and Summer- 
son, 1941). 

Inositol. A high concentration of inositol is characteristic of boar 
semen and is due to the seminal vesicle secretion. Semen of species 
other tlian tire boar also contains inositol in the seminal plasma but 
in much smaller concentrations. A sensitive method whereby inositol 
can be determined in semen is a microbiological one. The technique 
depends on measuring tlie growth of the yeast Kloeckera brevis; the 
growth rate of this yeast is proportional to the amount of inositol 
added to the culture medium, and is assessed turbidometrically 
(Campling and Nixon, 1954; Hartree, 1957). The bulk of inositol 
present in the seminal plasma occurs in free form. In addition, how- 
ever, both the spermatozoa and the seminal plasma contain a small 
amount of bound inositol. 

Sorbitol. This sugar alcohol, which is chemically closely related 
to fructose, occurs in human seminal plasma and in the plasma of 
animals, such as the bull, boar, ram, and stallion. Its concentration 
can be determined by a combined enzymic-spectrophotOmetric 
method based on the use of an enzyme, the sorbitol dehydrogenase 
(King and Mann, 1958). Intact spermatozoa arc capable of o.vidizing 
sorbitol to fructose. The oxidative conversion of sorbitol to fructose 
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provides the spermatozoa with an additional amount of substrate for 
fructolysis and lactic acid formation. 

Ergothioneine. This sulfur-containing reducing base (betaine of 
thiolhistidine) was discovered in boar semen but was later shown 
to occur also in the semen and male accessory gland secretions of 
the stallion and certain insectivores. Owing to tire presence of 
sulfydryl groups, ergothioneine is capable of reducing dichloro- 
phenol-indophenol, iodine, and silver nitrate in the cold. It prob- 
ably acts by protecting the protein-bound sulfydryl groups of sperma- 
tozoa from oxidation. 

Ergothioneine can be determined by several methods, but the 
most convenient one depends on the color reaction with the diazo 
reagent (Hunter, 1951; Mann et al., 1957). 

APPRAISAL OF MALE REPRODUCTIX’E FUNCTIONS BY THE 
CHEMICAL ANALYSIS OF SEMEN 

The quantitative analysis of tlie various chemical constituents of 
semen can be conveniently used for the assessment of the gameto- 
genic and androgenic fimction of the testes, as well as for the evalua- 
tion of a number of other physiological processes associated \vith 
the normal activity of the spermatozoa and male accessory organs 
of reproduction. The examples referred to below are based on our 
observations concerning tlie chemical characteristics of the semen 
of ram, bull, boar, and stallion. 

Contribution Made by Individual Accessory Organs of Reproduc- 
tion Toward the Makeup of Whole Semen. A characteristic feature 
of semen, as ejaculated, is the variability of its composition. This is 
due mainly to the fact that the contribution made by the sperm 
and the various accessory secretions to the entire ejaculate is by 
no means constant but varies greatly even in the same individual. 
Estimations of sperm concentration in ejaculated and epididymal 
semen have made it possible to assess the contribution of the epi- 
didymides toward the volume of the whole ejaculate. Similarly, it 
is possible to evaluate the epididymal contribution by the chemical 
analysis of glycerylphosphorylcholine in ejaculated and epididjmal 
semen of bull, boar, and stallion, which, as pointed out earlier, is 
derived largely, though not exolusively, from the epididjmal secre- 
tion. 
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By the use of chemical (Iftciminations of fructose and citric acid 
in ejaculated semen and in ihe vesicular secretion of bull and boar, 
it has been possible to cakvil itc that the seminal vesicles contribute 
not less than 20 per cent, at d occasionally more, toward the volume 
of the whole ejaculate In the stallion, crgothioncine is produced 
mainly in tlic ampullae , and citric acid mainly in the seminal vesicles; 
chemical determinations of these two substances have provided 
means for the evaluation of the contribution of the ampullar glands 
and seminal vesicles, respectively. 

Sequence with Which the Different Fractions of Semen Arc 
Formed and Ejaculated. Both in man and in animals, semen ejacula- 
tion entails the voiding of different fractions which follow one an- 


other in a definite order of sequence. Chemical analysis of semen 
makes it possible to determine from which part of the reproductive 
tract the various fractions have originated. Studies of this kind have 
been performed on the semen of man, bull, boar, and stallion; they 
indicate that the vesicular secretion is delivered usually immediately 
after the spermatozoa. Thus a defect in the normal sequence of the 
ejaculatory process or an incomplete ejaculation can be detected and 
assessed quantitatively by the chemical analysis of semen. Similarly, 
the absence or occlusion of secretory ducts which provide the normal 
urethral outlet for the various accessory organs of reproduction can 
be diagnosed chemicaUy by analysing the contents of the seminal 
constituents which arc normally produced in those glands. 
Chemtcal Methods of Semen Analysis in the Evaluation of Andro- 
° assessing the effect of androgens 

denm,M ' glands, and epidid^is 

depended on measuring the size and weight, as well as the mor- 
phological characteristics of these clanrk • »• 

evaluating the a;droge“caXuy r„'®L'‘ii^^^^^^ 

The prtrp,?:„tr„g .rSo™ 

experiments carried out with «.• numerous 

in which it was established th^MbsT'^’ 
acid, and ergothioneine disappear fror!!''th 
gonadoctomy or hypophysertLy ^ rei,® 

y» t reappear promptly in re- 
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sponse to testosterone administration, whether by implantation or 
injection. Subsequent studies, particularly with bulls, have pro- 
vided ample proof for the existence of a close interdependence be- 
tween the level of such substances as fructose and citric acid in 
semen and the activity of the male sex hormone in the living animal. 
However, it cannot he emphasized too strongly (cf. Maim, 1956) 
that, in spite of the close correlation between tlie concentration of 
certain chemical substances in semen and the androgenic activity, 
there are many factors, apart from the testicular hormone, which 
can profoundly influence the process of seminal plasma formation 
in the accessory organs. First of all, one must remember that the 
output in semen of substances such as fructose, citric acid, or ergo- 
thioneine is dependent on the actual size and storage capacity of 
the respective organs in which these substances are produced. Blood 
supply and nervous stimuli can play an important role in determin- 
ing the level of secretory activity in the accessory organs. Frequency 
of ejaculation is another factor which must be taken into account, 
since frequently repeated collections of semen are boimd to de- 
plete, to some extent, the accessory organs of their secretions. 

Effects of Malnutrition on Male Reproductive Functions. Analysis 
of semen can provide, up to a point, a convenient method for quanti- 
tative assessment of changes produced by underfeeding or malnu- 
trition in the garaetogenic and androgenic function of the testes. 
As an example, one may mention the recently conducted investiga- 
tion on identical, male twin calves (Davies, ef al., 1957) which 
showed that underfeeding produces a delay of several months in 
the appearance of fructose and citric acid in the seminal plasma, 
though it causes less delay in the onset of spermatogenesis. It was 
possible to prove tliat this deleterious effect of inadequate nutrition 
on the secretion of fructose and citric acid in bovine seminal vesicles 
is due to the absence of adequate stimulation of the maturing testes 
by the gonadotrophic hormone and, consequently, to a lack of andro- 
genic stimulation of the seminal vesicles. Injections of chorionic 
gonadotrophin to the underfed calves cause an immediate appear- 
ance of fructose and citric acid in semen. 

Chemical Criteria for the Rating of Sperm Quality. As yet, we 
possess no data on a single chemical component of semen which 
alone could bo used for the assessment of the fertilizing ability of 
.spermatozoa. On the other hand, there exist several chemical and 
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Avsical methods wh.cl, nou .ke il praclitahlc to rate aecitrately 

iperm motdity. Most of the raical mclliotU available at prcscn 

depend on measuring fnatousis and rcspirat.on, ibe two clt.e 
metabolic processes m s <'0 n wbicli are eorrclateu largely ^\l 
sperm density and rntt' i ‘ 

Fructolysis, that progressive disappearance of fnictosc ac- 

companied by the f oi mation of lactic acid, can be measured in whole 
semen, suitably diluted, buffered, and incubated at 37“ C. (Mann, 
1948). In the absence of oxygen, semen depends on fructose as the 
chief source of metabolic energy, and under such conditions normal 
bull spermatozoa metabolize fructose at a rate of approximately 
2 mg./lO^ motile cells per hour, at 37“ C. Fructose is not utilized, or 
only poorly, either by azoospermic or by nccrospcrmic semen. 

It must be emphasized, however, tljat the rate of fnictolysis, 
although closely correlated with the degree of sperm motility, docs 
not necessarily reflect the fertilizing capacity of spermatozoa. Tlds 
point is well illustrated by the results of an experiment carried out 
with the semen of a completely infertile Guernsey btill, the ejaculates 
of which contained only decapitated spermatozoa, that is, with 
heads completely separated from the midpiece-tail portions. By 
subjecting the semen of this bull to low-speed centrifugation it was 
possible to obtain tw’o fractions, one consisting of immobile sperm 
heads and the other of head-free, yet perfectly motile, tails. How'- 
ever, when the rate of fructolysis was measured it xvas found to be 
high in the tail fraction and well correlated with the density of the 
motile tails. 

Like fructolysis, sperm respiration is correlated, although less 
strictly, with the motility of spermatozoa. Unlike fructolysis, hovv'- 
ever, the respiratory activity of spermatozoa does not entirely de- 
pend on the presence of a substrate in the external medium, that 
IS the seminal plasma; it takes place as weU in washed sperm, after 
the seminal plasma has been removed from the spermatozoa. More- 
over, It IS possible to create, espenmentally, conditions under which 
dissociated from motility. For instance, in 

both fructolysis and motdity, 
the oxygen uptake of spermatozoa still ^ 
markedly reduced. 


continues, although it 


de^mfaatonsrf^W^^^ “’orimetric 


' or lactic acid, and 


to respiration. 


Evaluation of Semen by Chemical Analysis 43 

which is usually determined manometrically, there are certain other 
processes which can be measured chemically and used in the evalua- 
tion of sperm metabolism and motility. In this category is the popu- 
lar “methylene blue reduction test,” which is the outcome of de- 
hydrogenase activity of the semen and depends on the determina- 
tion of the time taken by a semen sample to reduce (decolorize) a 
definite quantity of added methylene blue. 


CONCLUDING REMARKS 

The impact of biochemical methods upon research concerned 
with the physiology of spermatozoa has been gaining momentum, 
and one can confidently expect further developments in the applica- 
tion of chemical methods to the appraisal of semen quality and male 
fertility. When evaluating the chemical findings in semen, it is, 
however, important to remember that the composition of semen is 
subject to considerable variations, and also tliat an analysis of semen, 
even if restricted to a single experimental animal and carried out 
under standard conditions, need not always yield the same results. 
It is also wise to refrain from prematurely assigning to every chemi- 
cal constituent of semen a major function in male fertility, and to 
every observed change in semen metabolism a deep significance in 
the process of fertilization. On tlie whole, tlie metabolic processes in 
semen are more often related to sperm density and motility than 
they are to the fertilizing power of spermatozoa. 
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The Role of Hormones 
in Reproduction 


RALPH P. REECE 


In order that a dairy cow return the greatest profit to her owner, 
she should calve first at about two years of age and thereafter every 
twelve months during her reproductive life. To make this possible it 
is necessary that the reproductive systems of the cow and the bull 
function normally. The rapid increase in the number of cows in- 
seminated artificially each year makes it exceedingly important that 
dairymen obtain additional information on the physiology of re- 
production in dairy cattle. 

The early investigations on tlie physiology of reproduction were 
concerned primarily with an attempt to determine the role played 
by the nervous system. This was logical since at that time the nervous 
system was the only known coordinator of bodily functions. Although 
the work showed that the nervous system was not primarily con- 
cerned in reproduction, nevertheless tire work laid the foundation 
for the hormonal theory which was soon to be propounded. In the 
last twenty years our knowledge has been greatly increased con- 
cerning the part played by hormones in reproduction. 


4S 
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ENDOCniNC Cl ANUS AND TlJUD SlCnmON"? 

Glands in the body can lx pi iced into one of h\o groups, depend- 
ing on the manner in mIik 1. thi seeretion is earned from the g ana 
The glands m one gr . i, >1 ihorate an esternal secretion, and tlio 
cavities of these gl i. ipcii freely on the surface from ashich they 
are derived Such gl i ids arc called exocrine gl mds The other group 
is made up of glands that empty their secretions directly into the 
blood stream iiid they arc termed endocrine glands The secretions 
of the endoenne glands, referred to as hormones,* play a most im 
portant role m reproduction 

05 \Vie endocrine g\ands, U\c pilvwtatv ovaries^ the 

testes, the adrenals, and the thyroid gland arc the ones that arc 
mtimately concerned with the physiology of reproduction Tl'C 
placenta, although not usually classified as an endocrine gland, pro- 
duces several hormones 

The FttuHary Glerul In cattle the pituitary gland is located sen- 
tral to the brain and in a depression m the base of the skull termed 
the sella turcica The sella turcica is situated in the sphenoid bone, 
in the midlme and about equidistant from its anterior and posterior 
sutures Dorsal to the pituitary, and between it and the brain, is a 
tough cartilaginous membrane, the diaphragma sclhc Anteriorly 
the pituitary stalk passes through the diaphragma sellae and con- 
nects with the brain just posterior to the umon and crossing of the 
two optic nerves The location of the pituitary gland in the goat is 
similar to that in the cow, and this is shown in Figures 14 and 15 
As one might anticipate, the weight of the pituitary gland in- 
creases as an animal matures f This increase m weight of the pitu- 
itary IS illustrated m Table IV 


The pituitary gland is composed of two major parts which arc of 
importance m reproduction These are the antenor lohe and the 
posterior lohe In the embryo the anterior lobe and the posterior 
lobe develop from different regions, nevertheless, at the end of 
embryonic development the anterior lobe partiaUy envelops the 
posterior lobe to constitute the pituitary gland The anterior lobe 


i means to set in mol 

1 It should be pointed out however that i 
of gland activity * 


"to arouse “to excite ’ 
size IS not always a measure 
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Table IV. Total a'u Asterior I/ibk Weioht op nrE 

RoVI‘L PlTUITART GmND 


Gtoufi 

So. of 
QlantU 

Av. trhole 
piimlary 
iCfiyhl 
(granvt) 

So. of 
^Inixds 

ylr. anterior 
jntuitary 
icrighi 
(gramit) 


51 

o.ai3i 

22 

0.0178 

50- 140 dai-s 

32 

0.0228 

7 

0.020G 

141 2S3days 

19 

0.07.33 

5 

0.0005 

Calf 





Up to and includinj' 3 





months 

22 

0.6185 

22 

0.4D02 

4 to U months 

231 

0.902.5 

2.34 

0.6973 

Heifers 

139 

0.8S0S 

139 

0.0883 

Steers 

67 

0.9009 

67 

0.7392 

Bulls 

28 

0.82M 

28 

0.0125 

U to 24 months 

163 

1.1590 

1C3 

0.D258 

Heifers 

114 

1.1380 

114 

0.9050 

Steers 

42 

1.2101 

42 

0.0767 

Bulls 

7 

1.1926 

7 

0.9458 

Coa-s 2 years and over 

72 

1 7807 

72 

1.49C2 


Source: Reece and Turner, 1937 


is composed of groups and columns of epithelial cells which are 
supported in a delicate connective tissue. There are tw’O general 
types of cells, the chromophils and the chromophobes. The chromo- 
phil cells are usually subdivided into basophils and acidophils. The 
posterior lobe remains connected with the brain, from which it is 
denved and it is composed almost entirely of spindle-shaped and 
provided with delicate processes (pitu- 


W.a, the unfolding of the field of cndoerinology, it becomes more 
hrL"'°Th“'’-'’r"' 8'“'! ’““““'I base of the 

neroS ?ttanT‘“'.f Furthermore, certain 

It kMieveTi, .1™ “><= pituitary gland. 

In tte Zsile “ ™">ber of hormones. 

secreted hv flu:. »-.r. ♦ • i » ntenor lohe and one or possibly two 
anteri:r,lt?“f^ti:lf ^land. I^ose of the 

t ) tnulolhclMtimulating hormone (conveniently 
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referred to as FSH), which causes the ovarian follicle to ripen and 
stimulates formation of spermatozoa in the testicles; (2) the luteiniz- 
ing hormone (referred to as LH), which, in conjunction with FSH, 
stimulates the ovarian follicles to secrete estrogen and rupture ( ovu- 
late), stimulates the secretion of androgen by tire Leydig cells of 
the testis, and, by itself, causes tire formation of the corpus luteum 
(yellow body) in the ovary; (3) tlie lactogenic hormone (also 
termed lactogen ) , which induces milk secretion in suitably prepared 
mammary glands and stimulates tire functional activity of the corpus 
luteum, tliat is, it stimulates the corpus luteum to secrete progester- 
one; (4) the adrenotrophic hormone, whieh stimulates the cortex 
(outer region) of the adrenal gland; and (5) the thyrotrophic hor- 
mone, which stimulates tlie tliyroid gland. A hormone of the pos- 
terior lobe of the pituitary gland that is concerned in the physiology 
of reproduction is oxytocin, which causes contraction of the smooth 
muscle of the uterus. Since posterior lobe extracts, both oxytocin 
and the vasopressor principle, can cause the contraction of the 
myoepithelial cells of the mammary gland, it is perhaps best to refer 
to the active agent simply as pituitrin. 

The Adrenal Glands. The adrenals lie just anterior to each la'dney, 
In the dairy cow the average weight of the adrenal glands is 31.4 gm, 
(Swett et at, 1937 ).’’ The adrenals are believed to have the richest 
blood supply of any gland in the body. They consist of two parts, 
the cortex and the medulla, which are distinct in origin and structure. 
In mammals the cortex is of mesodermal origin, but the medulla 
IS derived from the ectoderm. Structurally, the cortex consists of 
cells svitli many sides arranged in three zones. The medulla consists 
of irregularly shaped cells in relation to large vascular spaces, and 
the cells stain dark brown witli chromic acid; therefore, it is some- 
times referred to as chromophilic or chromaffin tissue. It is the cortex 
of the adrenals that is of interest to us in the physiology of repro- 
duction, especially lactation. As a matter of fact, the medulla can 
be spared without endangering life or interfering with normal 
existence. 

A number of hormones have been obtained in pure form from 
the adrenal glands, and several of them have been synthesized in 
the laboratory. Since none of the isolated hormones furnishes com- 
plete replacement therapy for the adrenal glands, whereas an e.x- 

* This figure is an average computed from the breed averages reported by 
Swett ct al. 
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tract of the glands does, we shall refer to such an extract as the 
adrenal cortical hormone The adrenal cortical hormone influences 
the body in a number of wa\s, in lactation, however, we are primarily 
concerned with the role it plays in the handling of carbohydrates m 
the body and its regulation of the sodium and water content of the 
blood. Although it is not known what part the hormones of the 
adrenal gland may exert m the control of the estrous cycle and in 
pregnancy, it is possible that they may have a supplementary action. 
Androgenic hormones have been isolated from the adrenal cortex, 
and, at times, early sexual maturity and masculinization in the ma- 
ture female are associated with tumors of the adrenal cortex. 

The Thyroid Gland. The thyroid gland consists of two lateral lobes 
which are situated on each side of the trachea either near to or m 
contact with the larynx. The two lateral lobes are usually joined by 
an isthmus. The gland has an abundant blood supply, is firm in tex- 
ture, and is pale red in color. In the dairy cow the average weight of 
the thyroid gland is 32 9 gm. (Swett et al., 1937 ) .* The thyroid gland 
develops from the floor of the pharynx and therefore originates from 
the endoderm. Thyroid tissue consists of spherical vesicles which are 
lined by a single layer of squamous or columnar epithelial cells, de- 
pending upon the activity of the gland. The lumina or openings of 
the vesicles are filled with a viscid substance termed colloid which 
contains the thyroid hormone in combination with a protein. The 
hormone of the thyroid gland is present in thyroglobuUn, which con- 
tains thyroxine, and its action contrasts with that of the other hor- 


mones in that its effect is general in nature rather than specific. 
Thyroxine stimulates cellular activity, and associated with this in- 
crease in cellular activity is an increase in basal metabolic rate. In 
addition, thyroxine administration increases heart rate, and this 
m turn results in a greater blood supply to the cells. Thyroxine can 
be synthesized in the laboratory, and a substitute for it is now avail- 
able m the form of thyroprotein. 

is 22? weight of the ovaries 

22.7 gm.t The ovaries have a dual purpose, the production of eggs 

S Je™: fT" “'"'“S' from the breed averages reported by 
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or ova and tlie secretion of tliree hormones; (1) an estiogen, (2) 
progesterone, and (3) relaxin. Estrogens induce growtli of tlie va- 
gina, uterus. Fallopian tubes, and the duct system of tlie mammary 
glands. They also begin tlie preparation of tlie lining of the uterus 
for the reception of the fertilized egg. Progesterone completes the 
preparation of the uterus for tlie fertilized egg, keeps the uterus in 
a quiescent state during pregnancy, and in conjunction witli estrogen 
it induces the development of the lobule-alveolar system of the mam- 
mary glands. Relaxation of the pubic ligaments at tlie time of 
parturition may be dependent upon the action of relaxin. 

• The Testes. The testes, like the ovaries, perform two major func- 
tions. They produce spermatozoa and secrete androgens. The andro- 
gen secreted by the testis is probably testosterone and has been 
identified as such in the bull, stallion, and boar. Androgens elicit 
growth of the genitalia and maintain them in a functional state. They 
produce secondary sexual characteristics, such as the crest in a 
bull’s neck, and stimulate sex drive. Androgen may also aid the testes 
in tlie formation of spermatozoa. 

The Placenta, It was indicated earlier that the placenta is not 
usually classified as an endocrine gland, but it does secrete several 
hormones. The placenta of primates secretes a gonadotrophic hor- 
mone whose action is similar to, but not identical with, that of 
the luteinizing hormone of tlie anterior lobe of the pituitary gland. 
This hormone secreted by the primate placenta is usually referred 
to as chorionic gonadotrophin. In the mare the endometrial cups of 
the uterus secrete a gonadotrophic hormone which can be obtained 
from the blood serum and is commonly called pregnant mare serum 
or PMS. The action of PMS on the gonads is intimately related to 
dosage. The placenta secretes considerable quantities of estrogen, 
and there is some eWdence tliat it secretes progesterone. It secretes 
another hormone, the luteotrophic hormone, which maintains the 
functional activity of the corpus luleum. It would appear, therefore, 
that the main hormonal function of the placenta is to induce the 
production of progesterone by the corpus luteum and to secrete pro- 
gesterone, which supplements or replaces that secreted by the corpus 
luteum. 
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HORMONES REGULATING REPRODUCTION 

It was known many years ago that certain glands in the body 
were able to influence other parts of the body by secreting chemical 
substances and discharging them into the blood. Berthold (1849) 
showed that the testis was not dependent upon specific nerves to 
maintain its control of the secondary sex characters, but that its 
influence was exerted through the blood. Knauer (1900) showed 
that grafted ovaries prevented the occurrence of castrate atrophy. 

Expenmen tal evidence began to accumulate in 1897 (Turner, 
1933) demonstrating that the nerves were not primarily concerned 
in stimulating the growth of the mammary gland and in the initiation 
of lactation. A pituitary-gonad relationship was suggested by 
Fichera’s work (1905), which showed thaf the pituitary gland en- 
larged after spaying or castration in guinea pigs, rabbits, cattle, buf- 
faloes, and cocks. It remained, however for P. E. Smith ( 1926, 1927 ) 
to demonstrate conclusively that the anterior lobe of the pituitary 
gland maintained and controlled the activity of the ovaries and 
testes and as a result indirectly influenced other reproductive organs 
Our knowledge of the role played by ovanan and testicular hor- 
mones is well founded. 


HORMONES IN THE FEMALE 

The Estrous Cycle. As an animal approaches sexual maturity the 
anterior lobe of the pituitary gland secretes increasing amounts of 
the follicle-stimulating hormone, and this in turn brings about the 
maturation of one or more ovarian follicles, depending upon the 
ifnu'^f Tl '" designated a Graafian follicle, contains 
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have been utilized for the detection of estrus in cattle (Scott Blair 
et al, 1941 ) . Estrogen induces uterine growth and begins die prep- 
aration of the uterine lining (endometrium) so that it will be in a 
suitable condition to receive the fertilized egg ( zygote ) . 

Estrogen reacts on the anterior lobe of die pituitary gland and 
suppresses the discharge of FSH. It brings about, however, the dis- 
charge of the luteinizing hormone, which, in conjimcdon ivith FSH, 
causes the ovum or ova to be shed from die ovary; that is, it induces 
ovulation. The results of recent work in dairy heifers suggest that 
progesterone may play some role in ovuladon (Hansel and Trim- 
berger, 1951). The injection of 5 to 10 mg. of progesterone at the 
beginning of estrus resulted in a reduction of time from the end of 
estrus to ovulation. The responses to progesterone treatment were 
somewhat variable; however, the average time elapsing between 
the end of estrus and ovulation was only half as great in the pro- 
gesterone-treated periods as in die control periods. Ovulation is 
the most important event in the estrous cycle, and it usually occurs 
near the end or shortly after the termination of estrus, depending 
upon the species. 

When an animal is to be inseminated, the insemination should 
be done prior to the time of ovulation. It was once believed that 
it required four or five hours for spermatozoa to reach the Fallopian 
tube and that this travel time accounted for the need to inseminate 
prior to ovulation. Evidence is now available, however, indicating 
that spermatozoa arrive in the ampulla of the Fallopian tube ividiin 
five minutes after insemination. This necessity for insemination be- 
fore ovulation is now explained on the basis diat spermatozoa acquire 
the ability to fertilize ova after deposition in the female tract. This 
phenomenon is referred to as capacitation and requires about six 
hours in rabbits and rats. Following ovulation, ova retain their ability 
to be fertilized for only a short period, and the life of sperm following 
insemination is somewhat longer. 

A new ^Tpe of tissue, lutein tissue, forms in the Graafian follicle 
after oradation, under the stimulus of LII. This structure is termed 
a corpus luteum, commonly called a yellow body, which secretes 
progesterone. Progesterone acts on the anterior lobe of the pituitary 
gland and inhibits the discharge of LH in quantities sufficient to 
induce follicular maturation and ovulation. Therefore, as long ns 
progesterone is present in the blood in suificient quantities, mature 
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follicles do not fonn, and estrogen production is impeded. In addi- 
tion, progesterone completes the preparation of the endometnum 
(progestational proliferation) for the reception of the fertilized ova. 

If the animal is not matfd or if conception does not occur, the 
corpora lutea regress, with the result that progesterone is no longer 
produced. There are exceptions to this statement; in the bitch ovula- 
tion takes place spontaneously, and in many instances the corpora 
lutea will remain functional for a period of time ( a Condition calle 
pseudopregnancy) about equal to the duration of pregnancy even 
though the bitch is not mated. With the decrease in the level of 
progesterone m the blood the pituitary is freed from the inhibitory 
action of progesterone, and this results in the repetition of the senes 
of events just described. 

The term ‘hreeding season” is usually used to designate the time 
or times of year during which the reproductive organs exhibit a 
special activity. Those animals that experience estrous cycles 
throughout the year, cattle for example, are referred to as polyestrous 
animals. In certain animals (sheep), estrous periods recur but for 
only a part of the year, and such animals are called seasonally poly- 
estrous animals. In other animals estrus does not recur during the 
breeding season, and such animals are designated as monoestrous. 
Although estrus does not recur during the breeding season of mono- 
estrous animals, they may have more than one breeding season each 
year. The dog, cat, and fox are monoestrous animals. The nonbreed- 
ing season, a time when the reproductive organs are relatively quies- 
cent, is usually spoken of as the anestrous period. Environmental 
actors (light, temperature, and food) influence reproductive func- 
tion m both seasonal and nonseasonal breeders. These factors stimu- 
ate the secretion and/or release of gonadotrophin from the anterior 
o e pituitary gland, the gonadotrophin in turn activating the 
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ovary is functionally more active than the left ovary, and this dif- 
ference in functional activity accounts for the fact that a greater 
number of pregnancies occur in the right uterine horn than in tire 
left horn (Reece and Turner, 1938). 

Pregnancy and Parturition. If an animal is mated shortly before 
ovulation and the ova are fertilized, tire corpora lutea persist and 
secrete progesterone. In those animals in which pseudopregnancy 
can be induced by a sterile mating, it is probable that the nervous 
stimulation from mating activates tlie anterior lobe of tire pituitary 
gland to secrete and discharge tlie lactogenic hormone ( also called 
luteotrophic hormone), which stimulates progesterone formation 
by the corpora lutea. When the ova are fertilized, it is not loiown 
what causes the corpora lutea to persist in those animals in which 
pseudopregnancy cannot be induced by a sterile mating. In other 
words, how the corpora lutea "know" that the ova were fertilized 
remains an rmsolved problem in endocrinology. It seems probable, 
however, that the pituitary gland is responsible for maintaining tlie 
functional activity of tlie corpora lutea during tlie first half of 
pregnancy, since its removal results in fetal resorption and the 
placenta secretes a luteotrophic factor which maintains the corpus 
luteum during the latter part of a pregnancy. 

Progesterone completes tlie preparation of the uterus for the im- 
plantation of ova, and in all species studied the ovaries must remain 
intact if implantation is to take place. Progesterone stimulates the 
growth and secretion of the uterine glands, the secretion of which 
(uterine milk) serves as a nutrient medium for the dividing ovum 
until the maternal placenta and fetal placenta make contact. In 
the cow, it has been shown that 33 days after ovulation there is a 
very fragile attachment between tlie maternal and fetal tissue at 
three or four of the caruncles immediately surrounding the embryo 
(Melton et al., 1951). In addition, placental formation and mainte- 
nance depend upon the action of progesterone and estrogen, and 
the two hormones must bo present in proper proportions. Tlie muscu- 
lar coats of the uterus are maintained in a quiescent state by proges- 
terone, thus preventing the uterus from discharging its products of 
conception. 

In certain animals (guinea pig, mare, and woman), tlie ovaries 
are not neecssarj' for the continuation of pregnancy diiring its latter 
half. In such cases it would appear that the placenta is capable of 
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secreting sufficient progesterone for the maintenance of pregnancy. 
In other animals (cow and sheep, for example) abortion results if 
either the ovaries or the corpora lutea are removed. When the ovaries 
are necessary for the maintenance of pregnancy, their corpora lutea 
remain in a functional state until flie approach of partuntion. At this 
time the corpora lutea regress, and the level of progesterone in the 
blood decreases. The placenta may, even in those animab in which 
the Ovanes are necessary for the maintenance of pregnancy, secrete 
progesterone to supplement that secreted by the ovaries. For ex- 
ample, matenal exhibiting the activities of progesterone has been ob- 
tamed from cow’s placenta (Adler et al., 1934). There is some evi- 
dence indicatmg that 75 mg. of progesterone injected subcutaneously 
daily will maintain pregnancy in Holstein-Friesian heifers following 
the removal of the corpus luteum in the early stages of pregnancy 
(Raeside and Turner, 1951). In goats it has been shown that 25 mg. 
of progesterone daily adequately substitute for the corpora lutea 
during the last third of pregnancy (Meites et al, 1948). 

Animals, as a general rule, do not come into estrus during preg- 
nancy since progesterone iidiibits the discharge of LH from the 
pituitary gland, and as a consequence mature follicles do not form 
in the ovaries 

In the first part of pregnancy rather small quantities of estrogen 
are secreted, and as pregnancy advances, ever increasing amounts 
of estrogen are formed In the pregnant mare large quantities of 
estrogen are excreted in the urine, and in the cow estrogens are ex- 
creted in the urine and feces. There is some evidence indicating that 
progesterone retards the rate of estrogen inactivation, and as a re- 
sult increased amounts are available for body utilization and for 
excretion m the urine. 
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the action of oxytocin, a hormone of the posterior lobe of the pitu- 
itary gland, on the uterine muscle. On the other hand, the amount 
of estrogen excreted in the urine increases until parturition occurs. 
Estrogen causes rhythmic contraction of the uterine musculature 
and also sensitizes the uterine muscle to oxytocin, which has the 
ability to cause the uterine muscle cells to contract. The onset of 
parturition, therefore, occurs at a time when estrogen production 
is high and progesterone production is declining. The ratio of estro- 
gen to progesterone is probably the determining factor, since the 
injection of estrogen can interrupt an established pregnancy even 
though progesterone is being produced. These injections change the 
estrogen-progesterone ratio, and as a result an abortion occurs. 

A third ovarian hormone, relaxin, comes into play near the end of 
pregnancy. The pelvic ligaments, following their sensitization by 
estrogen, are caused to relax by relaxin, and tliis results in a widening 
of the birth canal, which makes easier the expulsion of the fetus. The 
relaxation of the ligaments around tlie tail head, long known to be 
a sign of approaching parturition, is a result of relaxin action. 

Udder Growth. Although little grandular tissue is present in the 
fetal udder, its form and feat placement have been determined, and 
macroscopically it has the appearance of a miniature udder. At birth 
the primary milk ducts extend only a short distance from the gland 
cistern. During the prepubertal period tliere is a gradual extension 
of the duct system and an increase in adipose and connective tissue. 
Well-fed heifer calves may show a considerable increase in udder 
size; this, however, is largely a result of fat deposition. 

With the onset of puberty tire estrogen secreted by the Graafian 
follicle stimulates the growth of the duct system of the udder.” This 
estrogenic action is brought about in two ways: first by direct action 
on the udder, and second by an indirect action. In its direct action 
estrogen causes more blood to flow to the udder, which may be 
associated with an increased permeability of the blood capillaries. 
This direct action in itself is not sufficient to induce duct growth, 
since estrogens are ineffective in animals from which the pituitary 
gland has been removed. Indirectly, estrogen stimulates the anterior 
lobe of the pituitary gland to secrete lactogen, and this hormone, 
cooperating with estrogen, induces duct growth. With each recurring 

* The duct sj-stem of tiie odder m.i>' be ioohed upon as die conveymf^ system 
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estrous cycle there is additional growth of the duct system, and the 
extensiveness of duct de\elopment at the time of conception, xvithin 
any one animal, depends upon the number of estrous cycles ex- 
perienced by that animal 

In animals that has£ had a number of estrous periods before con- 
ception there is probably not much additional growth of the duct sys- 
tem, but if conception occurs soon after sexual maturity is attained 
there may be considerable duct growth in the early stages of preg- 
nancy. The striking change in the mammaiy' glands during three- 
quarters of pregnancy is the formation of the secretory units, the 
alveoli, at the ends of the terminal ducts, A group of alveoli is sur- 
rounded by a thin band of connective tissue, and such a structure is 
termed a lobule. In turn a number of lobules are surrounded by a 
thicker band of connective tissue, and such a structure is called a 
lobe. The lobules are usually referred to as the lobule-alveolar sys- 
tem of the mammary ^and. 


The development of the lobule-alveolar system of the mammary 
gland is brought about by two ovarian hormones, estrogen and 
progesterone, and a hormone of the anterior lobe of the pituitary 
gjand. As in duct development, the action of estrogen, as well as 
progesterone, in lobule-alveolar development is not entirely a direct 
action, since they fail to induce lobule-alveolar growth in an animal 
whose pituitary has been removed. These ovarian hormones appear 
to stimulate the pituitary gland to secrete a hormone which acts in 
injunction with them in bringing about the development of the 
lobule-alveolar system of the mammary gland. This pituitary factor 
has not becri identified, but it is protein in nature, and there are 
indications that It is not identical with lactogen, thyrotrophin, or 
gonadotrophin (Mixner and Turner, 1943). 
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Lactation, Immediately following parturition there is a great surge 
of secretory activity in the mammary glands. This secretory activity 
is induced by the discharge of lactogen from the pituitary gland, 
and this initial discharge is not dependent upon the stimulus of 
suclding. After lactation is established, the discharge of lactogen 
from the pituitary gland is dependent upon the stimulus of suckling 
or milking (Reece and Turner, 1937). 

Lactogen alone will neither initiate nor maintain lactation in an 
animal from which the pituitary gland has been removed. There 
are, therefore, other pituitary hormones which play a role in lacta- 
tion. The adrenotrophic hormone stimulates the cortex of the adrenal 
glands to secrete the adrenal cortical hormone which is necessary for 
lactation. Thyroxine, although it is not necessary for lactation, aug- 
ments the level of milk production, and its secretion is under the 
control of the thyrotrophic hormone of the pituitary gland. When 
milking or suckling is stopped, nervous impulses no longer reach 
the pituitary gland to bring about the discharge of the lactogenic 
hormone; and as a result the secretory activity of the mammary 
glands soon subsides. 

Milk ejection or removal is imder hormonal and nervous control. 
Washing the udder, fore-stripping, or the milking act itself initiates 
nervous impulses tliat are conveyed to the posterior lobe of the 
pituitary gland, where they stimulate the discharge of pituitrin. 
Pituitrin is carried in the blood to the udder, where it brings about 
the contraction of tire myoepithelium of the mammary gland. When 
these events occur, one says that the milk has been ‘let-down.” It 
is then possible to remove all except two or three pounds of residual 
milk from the mammary glands. 

llOnMONES IN THE MALE 

At birth spermatozoa are not present in the testis. As an animal 
grows, increasing amounts of pituitary FSH are secreted, and this 
stimulates the formation of spermatozoa. The pituitary then secretes 
LH, a hormone that brings about the secretion of androgen by the 
Leydig colls, which lie between the seminiferous tubules. If andro- 
gen secretion reaches a certain level, it reacts on the anterior lobe of 
the pituitary gland and decreases the formation of the gonadotrophic 
hormones; othersvise, the testis and the pituitary gland appear to 
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be in a stale of equilibnum. A decrease in the secretion of gonado- 
trophic hormones results in the production of less androgen 
Leydig cells and fewer spermatozoa by the seminiferous tubules. The 
lowered level of androgen secretion permits the pituitary gland to 
secrete additional quantities of gonadotrophic hormones, which 
again stimulate androgen secretion and spermatozoa formation. Thus 
it is seen that testis function is controlled by the reciprocal action 
of the pituitary and the testis. In males that mate throughout the 
year, there is a rather constant rate of gonadotrophic hormone se- 
cretion. On the other hand, in seasonal breeders the rate of secretion 
of the gonadotrophic hormones (FSH and LH) decreases rapidly 
after the breeding season and remains low until the approach of the 
next breeding season. At this time a factor, usually environmental 
in nature, stimulates the pituitary to secrete FSH and LH, a\id these 
hormones enable the testis to become functional again. 

In certain species the thyroid gland plays an important role in the 
physiology of reproduction. It has been shown that the high tem- 
perature of summer induces a decrease in the number of spermatozoa 
and a marked increase in the number of abnormal spermatozoa in 
ram semen. That the thyroid gland is involved in these changes of 
semen characteristics Is indicated by the fact that the administration 
of thyroxine uill increase the number of spermatozoa and decrease 
the percentage of abnormal spermatozoa (Berliner and Warhritton, 
l^n). Additional work along this line indicates that the hormone 
of the th)TOid gland influences the spermatogenic tissue of the testis 
but has little or no effect on the interstitial tissue, the tissue that 
secrct« androgen (Bogart and Mayer, 1946). 
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circumstance is that of a cryptorchid animal. The development of 
male-like characteristics is dependent upon androgen secretion, and 
it is possible that androgen may aid the testis in sperm formation. 

Sex drive is largely controlled by androgen, but other factors enter 
into the picture. Some of these factors have been brought to the fore- 
groimd by artificial insemination programs (Hart et al., 1946). The 
psychical effect on bulls of nonestrous cows is much less than that of 
estrous cows. There is an odor from the estrous cow that attracts and 
psychically stimulates the bull under the conditions of artificial in- 
semination. The resulting stimulation is so marked that many bulls 
that appear to be impotent breed immediately. 


HORMONAL THERAPY IN CATTLE 

Although hormones are intimately concerned in reproductive 
processes, hormonal imbalance is not the major factor in the repro- 
ductive failure of farm animals. Unquestionably, infection is re- 
sponsible for a greater number of these failures. There are times, 
however, when it may be definitely advantageous to resort to hor- 
monal therapy, and each day a greater number of persons are be- 
coming aware of this fact. Despite a decidedly favorable physiologi- 
cal response to hormonal therapy, in some instances it is evident that 
economic considerations enter into the picture. For example, it may 
be economically unsound to use a certain hormone on commercial 
herds, whereas it may be decidedly advantageous to use the hormone 
on valuable breeding animals. 

Cows Failing to Conceive after Repeated Service. From a repro- 
ductive point of view, probably the greatest loss to the dairy farmer 
is brought abotit by those cows that successfully terminate a normal 
gestation period only after repeated serviee. In repeat breeders, 
fertilization may or may not take place. Fertilization may fail to 
occur for several reasons. Ovulation and insemination may not have 
been properly synchronized; ovulation may occur while the cow is 
still in estnis, and again it may not occur until 26 hours after the 
cessation of estms (Brewster et al., 1940). A majority of cows, how- 
ever, will ovulate from 12 to 15 hours after the cessation of cstnis. 
Unfortunately, many daiiymcn arc unable to utilize this infonnation 
in the insemination of their cows, since they do not have the time 
to determine when estms licgins or when it ends. In the winter the)- 
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be in a state of equilibrium. A decrease in the secretion of gonado- 
trophic hormones results in the production of less androgen by the 
Leydig cells and fewer spermatozoa by the seminiferous tubules. The 
lowered level of androgen secretion permits the pituitary gland to 
secrete additional quantities of gonadotrophic hormones, which 
again stimulate androgen secretion and spermatozoa formation. Thus 
it is seen that testis function is controlled by the reciprocal action 
of the pituitary and the testis. In males that mate throughout the 
year, there is a rather constant rate of gonadotrophic hormone se- 
cretion. On the other hand, in seasonal breeders the rate of secretion 
of the gonadotrophic hormones (FSH and LH) decreases rapidly 
after the breeding season and remains low until the approach of the 
next breeding season. At this time a factor, usually environmental 
in nature, stimulates the pituitary to secrete FSH and LH, aSid these 
hormones enable the testis to become functional again. 

In certain species the thyroid gland plays an important role in the 
physiology of reproduction. It has been shown that the high tem- 
perature of summer induces a decrease in the number of spermatozoa 
and a marked increase in the number of abnormal spermatozoa in 
ram semen. That the thyroid gland is involved in these changes of 
semen characteristics is indicated by the fact that the administration 
of thyrorine will increase the number of spermatozoa and decrease 
the percentage of abnormal spermatozoa (Berliner and Warbritton, 
1937). Additional work along this line indicates that the hormone 
of the thyroid gland influences the spermatogenic tissue of the testis 
hut has little or no effect on the interstitial tissue, the tissue that 
secretes androgen (Bogart and Mavpr 
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circumstance is that of a cryptorchid animal. The development of 
male-like characteristics is dependent upon androgen secretion, and 
it is possible that androgen may aid the testis in sperm formation. 

Sex drive is largely controlled by androgen, but other factors enter 
into the picture. Some of these factors have been brought to the fore- 
ground by artificial insemination programs (Hart et al., 1946). The 
psychical effect on bulls of nonestrous cows is much less than that of 
estrous cows. There is an odor from the estrous cow that attracts and 
psychically stimulates the bull under the conditions of artificial in- 
semination. The resulting stimulation is so marked that many bulls 
that appear to be impotent breed immediately. 

HORMONAX. THERAPY IN CATTLE 

Although hormones are intimately concerned in reproductive 
processes, hormonal imbalance is not the major factor in the repro- 
ductive failure of farm animals. Unquestionably, infection is re- 
sponsible for a greater number of these failures. There are times, 
however, when it may be definitely advantageous to resort to hor- 
monal therapy, and each day a greater number of persons are be- 
coming aware of this fact. Despite a decidedly favorable physiologi- 
cal response to hormonal therapy, in some instances it is evident that 
economic considerations enter into the picture. For example, it may 
be economically unsound to use a certain hormone on commercial 
herds, whereas it may be decidedly advantageous to use the hormone 
on valuable breeding animals. 

Cows Failing to Conceive after Repeated Service, From a repro- 
ductive point of \iew, probably the greatest loss to the dairy farmer 
is brought abobt by those cows that successfully terminate a normal 
gestation period only after repeated service. In repeat breeders, 
fertilization may or may not take place. Fertilization may fail to 
occur for sever.al reasons. Ovulation and insemination may not have 
been properly synehronized; ovulation may occur while the cow is 
still in cstnis, and again it may not occur until 26 hours after the 
cessation of cstnis (Brewster et al., 19!0). A majority of cows, how- 
ever, will ovulate from 12 to 15 hours after the cessation of cstnis. 
Unfortunately, many daiiymen are unable to utilize this infonnation 
in the insemination of their cows, since they do not have the lime 
to detennine when cstnis begins or when it ends. In the winter they 
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are probably fortunate if they are able to detect those cows that are 
in estrus. It is also possible that cycles may occur in the cow without 
ovulation (anovulatorj' cycles), and this is probably the result of 
the failure of the pituitary gland to secrete sufficient LH. Finally, 
luteinization of the follicle may take place too rapidly, and as a 
result the ovum is imprisoned in the follicle. An excess of LH appears 
to be responsible for such a condition. 

There is some evidence that the hormonal treatment of cows show- 


ing regular estrous cycles but failing to conceive may be advantage- 
ous. A group of such cows was subjected to chorionic gonadotrophin 
therapy by Bottomley etal. (1940). The treatment consisted of three 
intramuscular injections of 1,000 rat units each, with the first injec- 


tion being made on the day of service and the remaining injections 
being given at hvo-day inter\'als. The services of experimental cow'S 
were classified as treated and untreated. The group of treated serv- 
ices included not only the services w’hen chorionic gonadotrophin 
was administered but also the subsequent service, provided that the 
latter occurred within 28 days. Of 30 treated services, 56.7 per cent 
were effective, whereas only 6.9 per cent of untreated services were 
effective. The percentage of effective treated services of the experi- 
mental cows was similar to that of a group of normal cows. 

The results of Lubin’s work (1946) suggest tliat pregnant mare 
serum (PMS) is effective in cows that fail to conceive after repeated 
service. Twenty-three cows that had failed to conceive after an aver- 
age of 5.4 services were not bred on their next estrus, since it was 
possible that a hormonal imbalance existed. These animals were in- 
lected subcutaneously with 750 to 1,500 rat units of PMS 16 days 
after their last estms, and the coivs were bred on their following 
estrous penods. Of these 23 cows, 19 conceived, 16 after one service 
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tion of 20,000 or 30,000 rat units of estradiol benzoate, and, following 
mating, if conception did not occur, an anterior pituitary extract was 
injected alone. In the treated group, 42.9 per cent of the cows con- 
ceived and calved, as compared with 50 per cent in the nontreated 
group. 

Although administered gonadotrophins appear to be effective in 
cows failing to conceive following repeated service, nevertheless, 
definite recommendations cannot be made until properly controlled 
experiments have been carried out. 

Preliminary observations indicate that progesterone administra- 
tion following insemination may increase the conception rate in cattle 
free from detectable infection and other reproductive abnormalities. 
Eighty-two treated animals had a first-service conception of 70.7 per 
cent, whereas 84 controls had only 46.4 per cent (Johnson, 1958). 

Some studies have been conducted to determine the cause of re- 
productive failures in cows of low fertility (Tanabe and Casida, 
1948). The reproductive performance during the first 34 days after 
breeding of a group of 104 cows, each of which had been bred 
four to thirteen times, showed: (1) fertilization failed to occur in 
39.7 per cent; (2) embryonic abnormalities and mortality in 39.2 
per cent; and (3) normal embryos in 21.1 per cent. 

Anestrous Cattle. Animals that fail to come into estrus should be 
divided into two groups: (1) those with nonfunctional ovaries and 
(2) those with corpora lutea in their ovaries. 

Estrogens have been used more extensively in cows with non- 
functional ovaries than perhaps any other hormone. Claims were 
made not only for the induction of estrus but also for the initiah'on 
of the estrous cycle. A summary (Reece, 1945) of the more recent 
literature indicated that estrogens were effective in anestrous cattle. 
Following the syntlicsis of a cheap synthetic estrogen by English 
workers, it was possible to use estrogen on a larger number of ani- 
mals. The early reports on the use of this synthetic estrogen, stil- 
bestrol, were very favorable; but it nosv seems certain that stilbeStrol, 
or any estrogen as far as that is concerned, will not fulfill its early 
promise. Estrogens do have the ability to induce estrus in anestrous 
animals, but this in itself serves no purpose. The ovaries must he 
activated so that they produce mature follicles which will ovailate. 

The missing factor in anestrous cattle appears to be FSH of the 
pituitary gland. The FSH output of the pituitary gland is inllucneed 
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by the nutritional condition of the animal, and it is interesting to 
note that anestrus is frequently observed in heifers not well fed dur- 
ing the winter months Since FSH is the missing factor in such cases, 
a logical choice of a gonadotrophin would be one rich in FSH. 

Gonadotrophic hormones have been tried in anestrous cattle. 
The subcutaneous injection of 1,500 international units of PMS will 
induce estrus and ovulation, with estrus appearing on the second 
or third day after injection (Bhattacharya et al, 1941). In fact, 1,000 
international units of PMS induced estrus in 21 of the 46 cows pre- 
viously exhibiting dormant estrous cycles. Larger doses should not 
be used, since they may cause ovarian cysts to develop. 

A gonadotrophic extract prepared from the anterior lobes of horse 
pituitaries consists mainly of FSH, and its use in anestrous animals 
seems to produce satisfactory results. Its main drawback is that the 
supply of horse pituitaries is limited, and as a result such an extract 
may not be available in sufficient quantity to permit its use on a large 
scale. 

Chorionic gonadotrophin has been used and with seemingly good 
results. In the early work a small dosage was used, and it may be 
questionable just what part the hormone played in inducing estrus. 
Moreover, since the action of chorionic gonadotrophin is similar to 
that of LH of the pituitary gland, there appears to be little justifica- 
tion for its use 


Following calving, a cow may fail to come into estrus, and an 
ovarian examination may show that one of the ovaries contains a 
corpus luteum. The failure of such an animal to come into estrus is 
usually attributed to a persistent corpus luteum. Actually, only 
one point has been proved, the presence of a corpus luteum. Re- 
^ >n »rfer to prove that the 

silent Tr* persisterrt. The fact that some cows experience 

silent estms justifies such a statement. 

comus^ut^™ u^e hormonal therapy in animals with a persistent 
Stiufn^ should take into consideration the desirLility of 

occurs dunng the estrous cycl^”CTuis'’L'™''‘*' 

factors, causes the corpus luteum to mmltu^io^ardlrg^^^ 
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early stages of pregnancy, we shall be in a better position to contend 
with this problem. 

The warnings of Bhattacharya et al. (1941) in using PMS in cows 
with corpora lutea in their ovaries are worth attention, since ( 1 ) if 
PMS is administered when a corpus luteum is present, ovarian cysts 
may form, and (2) PMS should never be injected in conjunction 
with the removal of tire corpus luteum, as multiple ovulations may 
occur with the danger of multiple births. It should be emphasized 
that even though chorionic gonadotrophin induces estrus when an 
active corpus luteum is already present, the newly formed corpora 
lutea do not take control of the cycle (Zawadowsky et al., 1935). 

For the induction of estrus in cows whose ovaries contain corpora 
lutea it appears best to have tlie corpora lutea expressed manually by 
a competent veterinarian. 

Cystic Ovaries. The ovary of a cow may produce a mature follicle, 
but it may not rupture. The follicle may then increase in size and 
persist, tlius forming a cyst. The follicular fluid of these cysts con- 
tains estrogen, although the concentration is less than that in the 
fluid of normal follicles (Reece and Crowshaw, 1949). In such ani- 
mals the estrous cycles become shorter and irregular; and if the con- 
dition is not corrected, the animal is likely to take on the character- 
istics and behavior of a bull. 

It is known that LH plays a major role in the induction of ovula- 
tion, and it is believed that tire ovaries of certain cows become cystic 
because their pituitary glands are not secreting sufficient LH. Tliere- 
fore, it should be possible to correct a cystic condition by the in- 
jection of LH, and this seems to be the case. The subcutaneous in- 
jection of 10,000 international units of chorionic gonadotrophin or 
the intravenous injection of an extract prepared from sheep pitui- 
taries is effective. 

Retained Placenta. In certain herds the retention of the fetal mem- 
branes creates a serious problem. The retention of fetal membranes 
usually results not only in greater difficulty in getting the cows with 
calf but also in lowered milk production. 

Since estrogens and pituitrin have the ability to induce uterine 
contraction, it seemed logical to use them in an attempt to expel the 
fetal membranes. Soon after stilbcstrol became available to the vet- 
erinaiy profession, case reports appeared in the literature indicating 
the effectiveness of estrogen in bringing about the expulsion of the 



66 Artificial Insemination of Farm Animals 


fetal membranes. More recent work, however, indicates that estro- 
gens are unable to expel fetal membranes which are firmly attached. 
Moore (1946a) injected stilbestrol into 43 cows that had retained 
placenta. A careful manual examination of the uterus was made in 
each case. The animals uere injected with 30 to 80 mg. of stilbestrol 
when it was thought that the placenta was too firmly attached to 
come away by itself m 48 hours. In some animals the dose was re- 
peated from one to three times. The fetal membranes were not 
removed manually so long as it was thought that they could be left 
without endangering the life of the animal. In eight cases the placenta 
eventually came away unaided, but in the remaining 35 cases it was 
necessary to remove it manually. 

Since placental retention in the cow is usually associated with 
pathological changes in the cotyledons, it is not surprising that estro- 
gens have been of little value in inducing placental expulsion. 

Pyomefra. Estrogens appear to be effective in cases of pyometra. 
They dilate the cervix and stimulate uterine contraction, and these 
factors operate to bring about the discharge of pus from the uterus. 
In addition, the increased blood flow to the uterus undoubtedly aids 
in returning the uterus to a normal condition. 


Forty-three cows that developed pyometra following the manual 
removal of placenta were injected with stilbestrol by Moore ( 1946b) . 
None of the placentae was removed in less than 72 hours after calv- 
ing, and some remained as long as 148 hours. The only other treat- 
ment consisted in the placement of a one-ounce gelatine capsule con- 
taining sulfanilamide deep in each horn of the uterus. Two weeks 
later, at which time all symptoms of acute inflammation had sub- 
sided but in all instances pyometra was present, a single dose of 
from 30 to 50 mg. of stilbestrol was injected. Daily observations were 
made Ihereafter. and if no results were obtained in 72 hours, the 
o^imS m “f repeated. All cows were bred at the first estrus which 
redtan e^m^F "ere rehred at each suc- 
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ception following treatment. In the noninjeeted group an average 
of 144.8 days elapsed from parturition to the following conception. 

In pyometra, where prolonged stimulation of the uterus is desir- 
able, a dipropionate, either stilbestrol dipropionate or estradiol di- 
propionate, should be the estrogen of choice. 

Mummified Fetus. If the placenta becomes nonfunctional at cer- 
tain stages of pregnancy, the fetus is retained in the uterus and be- 
comes mummified. It is believed that the fetus is retained because 
the blood estrogenic level is not sufficiently high to set in motion 
those factors operating at parturition. The injection of an estrogen, 
25 mg. of eitlier estradiol dipropionate or stilbestrol dipropionate, 
will usually bring about the expulsion of the mummified fetus. 

Initiation and Maintenance of Lactation. The work on tlie hor- 
monal control of lactation has clearly shown the role played by the 
lactogenic hormone of the pituitary gland. Copious lactation fol- 
lowed the injection of lactogen in animals with suitably prepared 
mammary glands. The withdrawal of lactogen treatment, however, 
resulted in cessation of lactation even in those cases where the milk 
was removed from the mammary glands. 

In 1937 it was shown that the injection of an estrogenic hormone 
into ovariectomized rats not only increased the lactogenic hormone 
content of tlie pituitary gland but also initiated lactation. Later work 
showed that the lactation initiated by estrogenic treatment of rats 
could be maintained, without additional treatment, by the suckling 
influence of a litter. In about 50 per cent of the trials sufficient milk 
was secreted so that tlie injected foster mothers were able to rear 
normal I'tters. 

The synthesis of stilbestrol by English investigators has made 
it possible to attempt initiation of lactation e.xperiments svith larger 
animals. The injection of stilbestrol into heifers usually induces 
growth of the udder and teats, and milk secretion. At times lactation 
is not initiated until the heifer is stimulated either by milking or by 
a nursing calf. 

In the experiments with dairy heifers, the quantity of hormone 
used, the duration of treatment, and the mode of administration have 
varied greatly. The quantity of milk secreted has varied from neg- 
ligible amounts to quantities that would he considered normal fol- 
lowing parturition. A thirty-thrce-month-old barren Jersey heifer 
that received a total of 273 mg. of stillhestrol dipropionatc over a 
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14-wcek period produced 8,048 lb. of milk and 383 lb. of butterfat 

'"Se ^plantation ot progesterone and diethylstilbestrol pellets 
initially appeared to be an elteetive method of inducing lactation in 
heifers and cows that failed to conceive (Meites et al, 1951). Two 
Guernsey heifers implanted with progesterone and diethylstilbestrol 
pellets produced 331 and 323 lb. of butterfat in 306 days. Two 
Holstem-Fricsiaii cows received 3 gm. of progesterone and 100 mg. 
of diethylstilbestrol. followed 90 days later by an additional im- 
plant of 1 5 gm. of diethylstilbestrol. On the 120th day the nonab- 
sorbed pellets were removed, and milking was begun. One cow 
reached a daily peak of 80 lb., and the second cow attained a maxi- 
mum daily yield of 45 lb. Results obtained at the New Jersey Agri' 
cultural Experiment Station from pellet implantation, however, have 
been variable indeed, probably due to pellet encapsulation. In addi- 
tion, favorable responses have not been obtained in the goat (Cowie 
et al, 1952), The milk yields of animals receiving estrogen and 
those receiving estrogen and progesterone did not differ significantly. 
In general, the hormonally induced milk yields were below the ex- 
pected yields had the animals come into lactation after kidding. 

Although estrogens will induce lactation in nonpregnant heifers, 
they will not increase the production of lactating cows. As a matter 
of fact, the administration of either a massive dose or repeated in- 
jections of a smaller amount of an estrogen will decrease milk pro- 
duction. Estrogens should not be used on a heifer to bring her into 
milk production if one desires to get the animal with calf at a later 
date. Indications are that continued estrogenic treatment may cause 
cystic ovaries. One should not inject an estrogen into a pregnant 
animal unless it is desirable to terminate pregnancy. It would appear 
that more consistent results must be obtained before one is justified 
in using hormonal therapy for lactational purposes. 

Sterile Bulb. Few attempts have been made to determine the in- 
fluence of hormones on the breeding capacity of bulls. Bulls either 
Tr T, P-'od-'cing spermatozoa in- 

S'™" of ‘«o or 

are olh? 7 "'o*' ‘o recall that there 

factors other than hormonal ones that may influence the sex drive 
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of a bull. It is only when extrahormonal factors require no further 
consideration tlrat one is justified in resorting to hormonal therapy 
in mature bulls. Therapy should not be used in young bulls, since 
the lack of sex drive or low fertility may be an e.xpression of an 
inherited weakness; and if therapy were successful, it would prop- 
agate the weakness. 

Testosterone has the ability to restore the sex drive of an animal, 
but it is not known what any given dosage may do to spermato- 
genesis. If repeated injeetions are not made, however, it is doubtful 
whether there would be any harmful influence on spermatogenesis. 
The injection of a gonadotrophin, either chorionic gonadotrophin or 
PMS, would stimulate the interstitial cells of the testes to secrete 
androgen, and this in turn would augment sex drive. 

A limited amount of experimentation indicates the possibility of 
increasing the sex drive of bulls by the feeding of thyroprotein. 

Since the injection of FSH into animals from which the pituitary 
gland has been removed will stimulate spermatogenesis, it might 
be expected that similar injections would be beneficial in bulls 
producing semen with a low concentration of spermatozoa. Experi- 
mental results are too meager, however, to enable one to make a 
statement on the possibilities of increasing spermatozoa production 
in bulls by the injection of a gonadotrophin. 

HORMONAL THERAPY IN SHEEP 

Sheep have a definite breeding season. It begins in the latter part 
of August or the first part of September, and, in the absence of 
pregnancy, estrus will recur about every 16 days until December or 
January (McKenzie and Terrill, 1937). The period from February 
to August, the time of sexual inactivity, is referred to as the anestrous 
period. Since sheep have an anestrous period, they have been used 
rather extensively to determine the possibility of augmenting fer- 
tility by hormonal administration. Such work was given impetus by 
the discovery of Cole and Hart (1930) of a potent gonadotrophin 
in the blood of pregnant mares (PMS). It was soon shown that 
PMS would stimulate the quiescent ovary of the anestrous ewe to 
ovulate and tliat under certain conditions this was accompanied by 
estrus, mating, and conception (Cole and Miller, 1933). 

Subsequent work showed vaiying degrees of success until PMS. 
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Perhaps th.s should have been anticipated, since 

her of variable factors such as (1) breed of sheep, (2) 

state, (3) time of injection that is, in early or late anestrus, and (4) 

number of injections . 

At the New Jerse\ Agricultural Experiment Station (Van aer 
Noot et al, 1946) 177 anestrous ewes received either one or two in- 
jections of PMS ( 250 to 350 rat units). Of these ewes, 136 came into 
estrus and mated, 22 following a single injection and 114 following a 
second injection, which was usually made 16 days after the initial 
injection Seventy ewes lambed, 5 of which had received one in 
jection and 65 of which had received two injections. 

Treatment of ewes with progesterone, followed by an injection 
of PMS, will induce estrus and ovulation. If these animals are mated, 
the majority will lamb; however, the number of injections required is 
probably too great for practical application. 

There is a marVed drop in the potential reproductive capacity of 
rams following the onset of hot weather (McKenzie and Berliner, 
1937); and if they are to have the desired sex drive, it is necessary 
to inject them with a gonadotrophin (O’Neal, 1938). Hence, rams 
should be injected with 500 rat units of PMS about one week before 
the ewes are to be injected. When the spermatogenic function of the 
testis is subnormal in hot weather, this can be corrected by the feed- 
ing of thyroprotein. 


HORMONAL, THERAPY IN GOATS 

Since the goat is a seasonal breeder, it is difficult to maintain a 
unilom milk supply throughout the year. The injection of a gonado- 
trophin during the anestrous period offers some possibility of induc- 
ing estms and conception. In nonlactatmg goats, 200 rat units of 
PMS should be injected, and if estrus does not occur, 400 rat units 
^ould be injected 20 days later. Larger doses {600 rat units) appear 
to be needed for lactating does (Phillips el al, 1943). 

As an alternative to the use of gonadotrophin there exists the pos- 
sta^;l7 r,'" “‘™Sen treatment. In such in- 

of m aIu J ? ™ maintained by the act 
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Agricultural Experiment Statioaby making eight weekly subcutane- 
ous injections of 5 mg. of estradiol dipropionate. 


HORMONAL THERAPY IN MARES 

One of the most fertile fields for research in hormonal therapy for 
farm animals would appear to be a study of tlie effeetiveness of 
various hormones in precipitating ovulation at a definite time of 
the estrous period in the mare. The time of ovulation is extremely 
variable when computed from the first day of estrus, and this un- 
doubtedly accounts for a part of the difficulty in getting some mares 
in foal. 

Mirskaya and Petropavlovsky ( 1938) injected subcutaneously 500 
mouse units of chorionic gonadotrophin into 68 mares reacting to 
the teaser and having a folhcle one centimeter or larger in diameter. 
A similar injection was made eight to twelve hours later. Ovulation 
was induced in 68 mares in 30 to 48 hours after the injection, and 
81 per cent of the mares foaled. An average of 1.4 services per mare 
was required. Ovulation was noted in estrous mares 20 to 40 hours 
after the intravenous injection of 1,000 to 2,000 rat units of chorionic 
gonadotrophin (Day, 1939). 

PMS appears to be effective in the induction of estrus in mares. 
Cameron ( 1942) reported estrus in nine mares, previously exhibiting 
dormant cycles, following the subcutaneous injection of a single dose 
of 1,000 international units. 

GENERAL CONSIDERATION 

Since many of the hormones are of a protein nature, it should be 
pointed out that anaphylaxis is at least theoretically possible follow- 
ing their administration. Epinephrine is effective in the treatment of 
anaphylaxis. 

Kepeated injections of a hormone of protein nature may result in 
the formation of antibodies. If antibody formation occurs, repeated 
injections may not only fail to obtain an increase in response, but 
may actually result in a decreased response. 

In resorting to hormonal therapy, select the hormone that is most 
likely to give the desired response. For example, in tlie use of an 
estrogen it may be desirable to produce an immediate action and 
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one of short duration. If such .s the c^e then a f 


of short duration, it such is uic — 

gen such as stilbestrol should be used. When a prolonged aehon rs 
desirable, as in the initiation of laetation, an estenfied estogen 
(estradiol dipropionate or stilbestrol dipropionate) should be se- 
lected. 


EnIwcrine Products 


ESTROGENS 

Di-Ovocylin {fl-estradiol dipropionate), Ciba Pharmaceutical Products, 
Inc., Lafayette Park, Summit, New Jersey. 

Theelin, a crystalline estrogenic substance obtained from pregnancy 
urine, Parke, Davis & Company, Detroit 32, Michigan. 

Sftlronafc (diethylstilbestrol dipropionate), Abbott Laboratories, North 
Chicago, Illinois. 

Sftlbertrol (diethylstilbestrol), Jensen-Salsbery Laboratories, Inc., Kansas 
City 10, Missouri. 

DiethylstilbestrolAVinthrop, Winthrop Chemical Company, Inc., New 
York 13, New York. 

SUlhestTol Solution (diethylstilbestrol), Norden Laboratories, Lincoln, 
Nebraska. 


ANDROGENS: 

Perandren (testosterone propionate), Ciba Pharmaceutical Products, Inc., 
Lafayette Park, Summit, New Jersey. 


GONADOTROPHINS; 

A. From the serum of pregnant mares (PMS). 

Gonadin, Cutter Laboratories, Berkeley, California. 

Goncdogen, The Upjohn Company, Kalamazoo, Michigan. 

B. From the urine of pregnant women (chorionic gonadotrophin). 

FoIZutein Squibb, Division of Veterinary and Animal Feeding 
Products, E. R, Squibb & Sons, Ne^v York, New York. 
Antuifnn-S, Parke, Davis & Company, Detroit 32, Michigan. 
Lorotnn. Winthrop Chemical Company, New York 13, New York. 
G. From the anterior lobe of the pituitary ^and. 

Vetrophin, prepared from acetone-desiccated sheep pituitary 
powder, Abbott Laboratories, North Chicago, IBinois. 
PITU/TRIN-From the posterior lobe of the pituitary gland 

Laboratories. Inc., Kansas 

' Posterior Timtory Infection, Norden Laboratories. Lincoln, Nebraska. 
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EPINEPHRINE— The hormone of the medulla of the adrenal glands 
Epinephrine Hydrochloride, Norden Laboratories, Lmcoln, Nebraska 
Epinephrine Hydrochloride Solution, Jensen-Salsbery Laboratories, Inc, 
Kansas City 10, Missouri 
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General Information 


ENOS J. PERRY 

This chapter deals with general procedures that apply in greater 
or lesser degree to most classes of farm livestock. Details of the suc- 
cessful methods practiced with each class are given in later chapters. 

SEMEN COLLECTION 

Several methods have been contrived for collecting semen from 
farm animals, but most of them have been abandoned in favor of the 
use of the artificial vagina. However, since some of the older devices 
are occasionally employed, a brief discussion of each is included. 

The Artificial Vagina. The invention of this contrivance marked 
a new milestone in the practice of artificial insemination. Without 
it, large-scale breeding by mechanical means would hardly have 
developed to its present encouraging status. It was evolved by 
scientists in Italy and the Soviet Union and found to be highly 
practical under both laboratory and field conditions. In 1936 the 
first Danish artificial breeding association for cattle adopted the 
Russian models and admired their efficiency, because, as A. F. Larsen, 
its first inseminator, said, “they make possible the collection of a 
clean, normal ejaculation of semen very quickly.” In recent years, 
artificial vaginas for practically all classes of farm animals have be- 
come available rommercially.The cylinder part can be made not only 
of rubber but of tin, iron, wood, porcelain, or other strong material. 
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One apparatus for cattle is a 
heavy rubber cylinder 16% 
inches long and 214 inches in 
diameter, fitted with a thin inner 
rubber sleeve or tube, the ends 
of which are turned hack over 
the ends of the cylinder and 
held with heavy rubber bands. 
A water-tight space is thus 
formed between the inner and 
outer walls. Near one end of the 
cylinder is a hole to admit warm 
water. In some models this open- 
ing is covered by the turned- 
back end of the liner and the 
heavy rubber band to prevent 
the escape of water except un- 
der violent pressure, whereas 
others contain a valve for intro- 
ducing the warm water and a 
screw cap to prevent leakage. 
To complete tlie assembly, the 
small end of a rubber cone, or 
funnel-shaped piece of rubber, 
is slipped over a sterile, gradu- 
ated glass test tube; and then 
the large end, or base of the 
cone, is fitted over the end of the 
Vagina, with no opening for 
water (see Figure 16). A small 
vent (f) is sometimes provided 
in the cone to prevent balloon- 
ing. 

Tlie amount of water injected 
between the sleeve and cylinder 
should be sufficient to distend 



Figure 16. Danish type of artificial 
vagina for cattle, after which most 
of those used in the United States 
have been modeled, o. Opening to 
admit warm water, b. Heavy robber 
cylinder to afford rigidity, c. Space 
for warm water, d. Inner liner of 
rubber (tube), e. Heavy rubber 
band to hold end of folded-back 
rubber liner and to fasten rubber 
collector cone. f. Air vent to pre- 
vent ballooning, g. Collector cone, 
fi. Graduated gloss collector tube. 


the sleeve and create some pressure, thus simulating the natural 
vagina. Water is usually put in at 125® to 160® F., depending on the 



surrounding tetnpe^toe^ .. 3 „rface of the mner 

sterde lubricatmg leUv ^ ^ operators use no luhn- 

lining at the entering < - g lutrfcating rubber, 

cant. Do not use pe ■ ' ^ contamination. For most 

Lubricate sparing,' ' " of the vagina at the 

males the corrcc t- ", "if® “Lop 

moment of col’e. ‘ ■ is lOo to ^ „t,ficial vagina if proper 

Most males u'i respond f temperature. In 

precaution is taken to have the studied. Some 

Ls connection the desire of ^^xtrles of tem- 

of them prefer “ avoided. If the male is shocked 

r;“nSX a hot apparatus, he may thereafter refuse to 

”'Te llantatestfTe artiBeial vagina are. PracticaUy aU of a 
rmal eiaculate is obtained; the semen is clean and free from es 
neous seireUons; the exact amount of the ejaculate is ® 

graduated test tube; and the viabiUty of the sperm averages Ingh 
Ln when the collection is made by other methods. Lmitabons 
this way of making collections are that a few males refuse to se 
the vagina, or injuries and infinnities prevent normal copulation 
sential to the use of the artificial vagina. 

Mechanical Manipulation. The farm animals from which semen 
has been collected successfully by this method are cattle and fowls- 
Miller and Evans (1934) of the United States Department of 
culture developed it with bulk by massaging their accessory genita 
organs, principally the ampullae of the ductus deferens. 

The single ads antage of the method is that some semen can often 
be obtained from valuable bulk which, because of being old or 
crippled, are unable to mount a cow for natural service or to ejaculate 
into an artificial vagina. 


Vaginal Collection. One of the oldest methods of obtaining semen 
is to recoser it from the anterior end of the vagina follossang natural 
service, with the aid of either a syringe or a vaginal spoon. It is a 
dicap and rather easy way to get a sample of semen for microscopic 
examination. However, as a procedure in large-scale insemination, 
it is not looVed upon with favor, for these reasons: Only a small per* 
tion of the ejaculate is recovered; it is mixed with vaginal secretions 
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which are sometimes injurious to the sperm, especially when the 
semen is to be stored; there is great danger of spreading disease if 
the female carries infection; and there is some danger of injuring 
the reproductive tract by the recovery operation. 

Electrical Stimulation. This method can be adapted to nearly aU 
animals. Several methods have been proposed. One of the simplest 
introduces a weak alternating current to the sacral and pelvic nerves 
via electrodes placed in the rectum on a probe or by hand. Electro- 
ejaculator apparatuses are available commercially. Semen is col- 
lected in a purer manner than by digital massage because the elec- 
trical stimulation causes erection and protrusion of the penis. A small 
artifieial vagina or rubber funnel with test tube is tlien used to catch 
the ejaculated semen. Advantages of electroejaculation are: Males 
need not be able or desirous of mounting a teaser, that is, males 
which are crippled, infirm, or with low hbido can be used. Bulls 
which are wild or untrained to the artificial vagina also can be con- 
fined and electroejaculated satisfactorily. 

An exhaustion test by Hill et al. (1956) involved 35 collections of 
semen (196 c.c.) from one bull by electrical stimulation within 75 
minutes, witlrout any apparent ill effects. 

Dummies to Aid Collection. When semen is collected with the 
artificial vagina, dummies instead of a quiet female, or one in heat, 
can sometimes be used to good advantage. These eliminate tlie 
bother of having a female on hand at collection time. Most bulls 
prefer a live “decoy.” Many operators are skeptical regarding the 
practicability of the dummy. Beports indicate, however, that certain 
bulls, stalhons, rams, and boars have been trained to use dummies 
TOtli a fair degree of success, although the young males will usually 
work better than the old ones. Strangely, an occasional bull will 
prefer the dummy to tlie cow at collection time, and tliere have been 
cases of another animal species of similar size being used with 
success. • 

In training the male to use the dummy, he should be e.xposed to 
females in heat but not allowed to serve. After two or more experi- 
ences of this kind, he should be introduced to the dummy at the 
same location. In this way he is taught to anticipate service when 
brought to the breeding quarters. 

Tlie dummy should be strongly built and securely anchored, and 
it is recommended that it should resemble to some degree the fe- 
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male of the species for wlmh -t is being substituted The 
framework is one made of metal. Mter its ^ or 

nadded the whole struc* ..e should be eovered with a sUn o 
canvas. The artificial lai-ma may be held by an attempt b 

fastened underneath the rear to a spring 

device affords resihcncy and is a protection to the ^ 

CoUcclioti Suggestions. When collecting is done out of doors in coW 
weather, provisions must be made to prevent subjecting le sp 
to cold shock This can be done by wrapping the semen tube an 
funnel in a flannel cover or other protective material and by keeping 
the tube pressed against the warm casing until the male moun . 
Some collectors make use of a vagina that is long enough to permit 
the tube to be contained within it. 


EXAMINATION OF SEMEN 

Just as the careful fanner scrutinizes his grain seed and tests it 
for viability before planting, so do the cooperative breeding asso- 
ciations and many stockmen today examine the semen of sires that 
are used regularly or are being considered for use. They are aware 
that without fertile sperm the whole program for better breeding 
breaks down. Although the best test of the fertilizing capacity of a 
male is his ability to “settle” the females which are inseminated to 
him, nevertheless it should be recognized that he can “go stale, that 
is, suffer sperm deterioration very quickly. Young bulls without a 
breeding history are sometimes found to be sterile. Surprising varia- 
tion exists in the quantity and quality of the semen obtained from 
different males, and also from the same male. Consequently, the 
semen of any male should be examined before it is used. 

With the increase in artiffeial insemination, fertility tests are as- 
suming greater importance. The accurate evaluation of the fertility 
of sperm at time of collection would be a great boon to breeders, but 
no wholly satisfactory method of making such evaluation has yet 
been evolved. Most semen tests have been disappointing in efficiency 
and correlation to fertility. However, using males of medium or low 
fertility in the cooperative breeding associations involves added ex- 
pense for extra trips to make reinseminations, and also delays con- 
ceptions m the herds of the members. Subjecting males to semen 
and collection tests before buying or leasing them either for associa- 
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tions or for private use frequently saves a lot of time and expense. 
A good natural breeding record is not quite sufficient, because tlie 
quantity and storage quality of the semen may be unsatisfactory; 
tile animal may be too difficult to handle, and he may have picked 
up infection by natural breeding. 

Volume. It is important that sires give liberal amounts of semen 
so that many inseminations can be made if required. Although there 
is no sure correlation between amount of ejaculate and fertility, 
generous-sized collections are usually considered a favorable sign. 
Large volume, however, is not always accompanied by a high sperm 
count. In attempting to gauge the semen production of a sire, one 
should not rely on a single ejaculate but use the averages of several 
taken at different times. Differences in volume are sometimes due 
to the vigor of the thrust at the time of collection. There should be 
no distracting noise or other interference. 

Proper preparation before service is necessary for securing a large 
number of the best-quality sperm. Teasing of the male sexually or 
allowing “false mounts” is frequently practiced. One to three false 
mounts usually increases the number of strong sperm secured in 
an ejaculate from the bull. 

Various tests have been devised for appraising samples of semen. 
The best-known measures of semen quality are motility and con- 
centration of sperm and their metabolic activity and livability. 

Motility of Sperm. Microscopic examination for motility is highly 
important, because without active movement it is unlikely that the 
sperm will reach the ovum or penetrate it. Initial motility is be- 
lieved to be one of the best evidences of viability of semen and 
fertility, although it is not necessarily a sign that the sperm possess 
normal fertilizing powers. 

In a drop of normal semen under the microscope a swarming mass 
of sperm is revealed. As the semen cools, motility grows sluggish 
and soon stops. Examination should be made in a warm room, free 
from drafts; and the glass on which the sample drop is placed should 
be kept warm, about 100° F. TJie accepted method of presening 
the liquid semen of large animals for use over a period of one to 
a few days is to cool it down to approximately 34° to 40° F., the 
holding temperature. The object is to stop motility and thus con- 
serve the energy of the sperm. It is e.spccially important to have the 
glass slide wann when examining a sample of semen taken from 
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the refrigerator or other cooling unit where the sperm 

inactive On the other hand, care must he taken not to hea the 

glass much above body temperature, because sperm are killeu 


For routine examindtions, magnifications of 100 diameters are 
satisfactory. Examination should be made immediately after collec- 
tion and then again se\ oral minutes after dilution to test the 
material. The sample for inspection should be representative of the 


whole ejaculate 

Motility can be estimated most reliably in samples diluted to a 
sperm concentration of 10 to 20 million per ml. At this concentration 
the percentage of progressively motile sperm can be clearly detected. 

A system of classifying motility can be helpful. A good method for 
practical purposes is to grade it from 0 to 5 as follows: No motile 
sperm, 0, less than 23 per cent motile, but weak and oscillatory', 
(poor); from 20 to 50 per cent progressively motile but lacking in 
waves, 2 (fair); from 70 to 85 per cent showing vigorous motion and 
recurring waves, 4 (very good); more than 80 per cent in vigorous 
motion, with waves of a billowy nature, 5 (excellent). 

Different types of motility have come under the eye of the in- 
vestigator. Walton describes these as a progressive motion by which 
the sperm move in a straight line, a rotary motion by which the 
sperm move in circles with diameters of about their own length, 
and an oscillatory motion that is convulsive in nature and without 
progress. Without progressive movement, fertilization is unlikely. 


Mammalian sperm possess rectilinear movement by which they 
can change both their direction and speed when meeting a flow of 
liquid. Rikmenspoel and van Herpen (1957) observed from cine- 
matographic studies that the orbit of the sperm is normally only 
slightly curved; there is cell rotation and a tail wave which is three- 
dimensional. By using the photoelectric method, the mean velocity' 
of normally active cells was measured with only a 3 per cent error. 
In estimating sperm numbers the error was close to 10 per cent. 

Lardy and Phillips (1941) reported that motility is sustained 
chietly by the glycolytic or fnictolytic mechanism. The rate of move- 
ment vanes with the species, the health of the sperm, and the kind 
ot medium. ^ 

wit'll ^ to be the motor part, 

W.th loss of the head, the middle piece and tail continue forsvard 
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in a straight line. When the tail is injured, motility may cease or 
the sperm moves in circles or backwards. 

Color and Concentration. The color of semen is important because 
it is an indication of its quality. Normal semen of most species has 
the appearance of whole milk, its opacity being due almost entirely 
to the dense mass of sperm. Samples of semen of lesser density are 
characterized by a more watery appearance, down to tire almost 
transparent type of ejaculate. Investigators early noted that marked 
cloudiness, due to swirling masses of sperm, was usually associated 
with high rate of conception. 

The range in sperm count per ejaculate of the semen is quite 
wide, varying at times from 25 million to 1 billion per c.c. for tlie 
hoar, 30 million to 800 million for tlie stallion, 500,000 to 60 million 
for the cock, 300 million to 2 billion for the bull, and 800 million to 
4 billion for the ram. Foi example, good samples of bull semen 
fluctuate around tlie 800 million mark. 

Those who work with the semen of certain species soon leam to 
associate color with quality to an appreciable degree. Abnormal 
color may reflect an unhealthy condition of the genital organs. A 
yellowish color may indicate the presence of pus or urine, which 
can usually be detected by the smell. When blood or degenerating 
tissue is present, the color is pinkish or reddish. Abnormal semen 
should never be used. Sires giving it should be examined and treated 
in an effort to remove the cause. 

The concentration of sperm varies widely, both in ejaculates of 
the same male and from male to male of the same species. It is of 
great value to know the approximate number of sperm in a cubic 
centimeter of semen, for this is a measure of its quality and deter- 
mines the rate for diluting it for routine insemination. There are now 
several methods of calculating sperm count, the oldest of which is 
the use of the hemocylometer. A newer and more practical de\ice 
for use at large breeding headquarters is the photoelectric colorim- 
eter. 

Abnormal Sperm. Making periodic, microscopic examinations lor 
abnormal sperm, bacteria, protozoa, and cells which might indicate 
a diseased condition of the male may reveal the cause of sterility or 
poor conception rate. The greater the proportion of normal, healthy 
sperm, the greater the likelihood of fertility. More information is 
needed, however, concerning the question of the relationship be- 
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tween the percentage and Upe of abnormals and the fertility of the 

” Usted in the order ol tl -,r usual frequency 

are as follows: looped .al , tarlless broken ta.k. those 

having pyriform (p- a.-sl,rped) heads; and those with enlarged 
middle pieces Ha^ 1949) Usts the permissible limits of atno^al 
ties of the head, r( Kldle piece, tail, and tailless heads as 4, b, A ana 
6, respectivelv. or a total of 20 per cent for semen of normal quality. 

In studies with bulls it was found that those with less than 500 nor- 
mal sperm per 1,000 had an unsatisfactory breeding record, whereas 
those with 900 or more usually proved highly fertile. 

Sperm may be normal in morphology but wholly nonfertilizii^. 
Factors other than morphology are responsible for duration of the 
necessary motility. Semen that rates well in motility and viability 
usually produces good breeding efficiency. 

Longevity of Sperm. The livability of sperm bears some relation- 
ship to tlieir fertilizing powers. The rate of non-retum to service, as 
reported by Fryer et al. (1958), in a trial involving bulls, varied frorn 
5 to 11 percentage units (depending on breed) for each additional 
day of storage of liquid semen. The first tests for longevity were 
carried out by noting how long the sperm remained motile at a 
standard storage temperature of about 40* F. This system usually 
requires periodic examination of the semen samples for several days. 
The high temperature test and the methylene blue reduction test 
are also correlated with longevity. (These are discussed in the chap- 
ter on cattle.) There is a lach of agreement among research workers 
regarding the value and practicability of these two tests. Work by 
Chang (1946) indicates that a certain period of time in the female 
tract seems necessary for the sperm to acquire capacity for fertiliza- 
tion. 

If semen is to be stored by freezing, the only way to determine 
satisfactory freezability is to make a test freeze. Semen of some 
fertile hulls will not surxivc freezing to an adequate degree. 

Combination Staining. A combination stain which shows sperm 
morphology as well as live and dead sperm can be made by using a 
so ution o 1 per cent cosin B, 5 per cent nigrosin, and 2.5 per cent 
sodium cilratc in dUtilled water, A small speck of semen is mixed 
will, a glass stirring rod will, a drop of the stain solution on a clean 
glass microscope slide. Place another slide on top to spread the 
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mixhire evenly, then separate the slides by sliding apart and dry 
the smears instantaneously over a warming plate. 

Examine the sperm at 400 to 900 diameters magnification. Dead 
sperm will stain bright red, and all sperm are tinted enougli to show 
shape and structure of the cells. Staining semen in a similar manner 
with a 3 per cent solution of rose bengal stain results in bright stain- 
ing of all sperm. The rose bengal stain must be rinsed off the slide 
after drying to allow clear view of the .spermatozoa. 

HANDLING THE SEMEN 

The sensitive nature of the sperm necessitates the utmost care in 
the handling of semen. If a high state of viability is not maintained, 
the percentage of conceptions will be small or nil. The following pre- 
cautions should be taken: Protect from extreme heat or cold; prevent 
contact with water and harmful chemical agents; and avoid exposure 
to air and direct sunlight as much as possible. Semen should not be 
shaken. The tube should be full to avoid air space. Mann ( 1945) said 
that when sperm in suspension were agitated vigorously in the pres- 
ence of air, the cytochrome enzyme within the sperm was oxidized. 

SEMEN DILUTERS 

For more than two decades after 1935 much of the research work 
involving artificial insemination and semen characteristics dealt w'th 
diluters. A full report would require hundreds of pages. The cliief 
function of diluters is to expand the volume of semen so that many 
times the usual number of females can be inseminated. They also 
provide protective factors for the sperm-buffering compounds to 
maintain the proper acid-base balance, and nutrient materials and 
bacteriostatic or bactericidal substances— all of which contribute to 
improved livability of the sperm in storage. 

The most extensive use of diluters is in breeding associations and 
on ranches and farms where large numbers of animals are in the 
insemination program. Without the diluters, these programs, involv- 
ing wide utilization of many of the greatest males of the different 
species of farm animals, could not exist. More experiments in searcli 
of new and better types of diluters are certain to continue. For cows, 
some operators use dilutions as high as I part of semen to 200 parts 




Jtil iJ'tJ' 
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solution (Na3CcH60-.2H20) is made witli water distilled over glass. 
Prepare the egg yolk from fresh eggs after washing them and tlien 
rinsing them with 70 per cent alcohol. Allow them to dry before 
breaking the shell witli a sterile knife. Xise only the yolk, removing 
all of the egg white from around it by rolling it on absorbent paper. 
Puncture the yolk membrane, and allow the yolk to flow into a sterile 
glass container. Mix together 4 parts by volume of the buffer solution 
and 1 part of the egg yolk for the completed diluter, based on the 
work by Swanson (1949). The discovery by PhiUips and Lardy 
(1940) of the protective effect of egg yolk in dilutees for bull semen 
was soon followed by the formulation of many satisfactory egg yolk- 
buffer diluents. The egg yolk protects tlie sperm cells against dam- 
age during cooling and otlier unfavorable environmental conditions. 
Isotonic buffers to maintain a pn of 6.7 to 6.9 can be made from phos- 
phate, citrate, carbonate, and other salts. 

Milk Diluter. Fresh or pasteurized milk will kill sperm because of 
enzyme effects. However, if milk or skim milk is heated to 200° F. 
(nearly boiling) for 10 to 20 minutes, the enzymes are destroyed 
and the milk makes a compatible semen diluter. Milk has some of 
the protective factor foimd in egg yolk, but recent experiments in- 
dicate that milk can be improved as a semen diluter by adding to it 
10 per cent egg yolk. This diluter is popular with some cattle breed- 
ing organizations. It has been found that the addition of glycerol to 
the diluter also improves the livability of bull sperm. 

Antibiotics in Diluters. Addition of compatible antibiotics to 
semen diluters is recommended to control bacterial growth. A com- 
bination of streptomycin at 500 to 1,000 mg. per ml. and penicillin at 
500 to 1,000 units per ml. is satisfactory. Neomycin and polymyxin 
have also been used. Several “sulfa” compounds (sulfanilamide, and 
others) are also useful in this respect. The antibiotics may result in 
better conception rates when used with semen infected with uterine 
invaders, such as Vibrio fetus. They also aid in maintaining satis- 
factory sperm viability during several days storage. 

Reactivation. In a trial by Kickard at ah (1957) two-day-old ac- 
tivated bull semen (liquid) gave a non-return rate of 70.33 per cent, 
compared with a rate of 60.34 per cent for the control. Two-day-old 
samples were just as good as one-day-old samples. 
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FROZEN SEMEN 

Semen of some species previously kept successfully for a few 
days has been frozen and stored for months and years with little 
or no ill effect The ( nception rate in the case of bull sperm is 
sometimes as high as that obtained ivith fresh semen In several m 
stances it has been higher Frozen semen is used in practically all 
present da) cattle artificial breeding organizations in many coun 
tries In fact some of the groups operate a 100 per cent frozen sen^n 
program The plan makes possible the maximum use of desira e 
sires e\ en for a penod after death Using frozen semen two > ears ol , 
stored at 79° C Mixner and Wiggins ( 1957 ) obtained the same con 
ception rate of 657 that they had gotten uhen the same batch o 
frozen semen was one ^ear old The method, \\hich involves the 
freezmg of semen to — 79°C the temperature of dry ice (sohd 
CO**), and holding it at that point or lower also includes the em 
ploying of glycerol and other material for protection The process 
was developed by the British National Institute of Medical Research 
and the University of Cambridge, England 

FREEZE DRYING 

Based on successful lyopbilization for preserving blood plasma 
milk bacteria viruses andsoon Albn^t ef o/ (1958) freeze dried 
bull sperm from five bulls Between 5 and 10 per cent of the sperm 
showed progressive mobility after reconstitution Polge et al (1949) 
had first made similar progress with fowl semen using the process 
of high V acuum distillation The outcome of such expenments cannot 
be predicted at the present time 


RATE 


One of the best measures of conception rate is the percentage 
of females that conceit e on first msemmation Certain important 
factors influence it. In noimal mating there are two variables the 
tertihty of the male and the fertility of the female The use of arti 
hcial insemination introduces a third, the technique of the method 
tach factor may be discussed m terms of an efficiency level In nor 
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mal mating it is rare to find a state of affairs in which male and 
female operate constantly at tlie 100 per cent level; but even if the 
figure in each case is 80 per cent, the combined effect is a conception 
rate of 64 per cent (80 X 80). Good technique will maintain this 
figure, but for each drop in efficiency there is a lowering in tlie rate. 
It is possible to work out many combinations of these three variables, 
to see that each constitutes a limiting factor and that a low level 
of efficiency in any one may be more detrimental to the conception 
rate than a moderately good level in all. There are certain factors 
that have a direct bearing on tlie results obtained. Among these 
are the insemination at the optimum time during the heat period. 

ESTnOUS CYCLE, ESTRUS, AND OVULATION 

The estrous cycle is tlie time between heat periods; estrus is the 
heat period itself; and ovulation is the shedding of the egg (or eggs) 
by the ovary preparatory to the egg’s movement down the Fallopian 
tube. It is to the interest of every livestock owner to possess a thor- 
ough understanding of these phenomena of nature. The conception 
rate, the timing of the season or month of birdi of tlie young, and 
the economical use of the reproducing female depend on a good 
working knowledge of them. 

The relation that heat bears to ovulation is very important. In- 
semination should precede the latter by a few hours or should coin- 
cide with it. Considerable variation occurs witliin the same speeies 
in the duration of heat and the time of ovulation after heat. The 
exact time of the beginning of heat is often impossible to determine, 
but practice has shown that for at least the bovine stock, insemina- 
tions made during tlie last half of the period have a better chance 
of success than those made earlier. 

Because of the impossibility of forecasting the length of the heat 
period, two or more inseminations are sometimes made in animals 
having long heat periods. Some horse breeding authorities advise 
inseminating a mare on the second and fifth days, or even on the 
fourth, sixth, and eightli days after the start of heat, while others 
practice breeding a second time if she is still in heat the third day 
after the first insemination. 

Russian sheep stations have increased their lamhing percentages 
markedly by inseminating their ewes several times in the same heat. 
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With cows, however, two niseminalions per period have not pro- 
duced impressive expcrimrat.il results. 


INSEMINATION' 

Deposifion of Semeu. There seems to be 
the best rate of conception is obtained win 
in the cervix or injected into the uterus. \V 
field, noted that in sheep experiments the ^ 

1.0 c c of semen into the cervix of tlie ewe gave him 66 per cent - 
ception, as contrasted with 33 per cent when the same amount was 
placed in the vagina. The most desirable region of deposition has no 
yet been fully established for all of the farm animals. In the wse o 
the sow, there seems to be no doubt that the uterus should e le 
place of deposition, as it is in copulation, inseminators of fow p ace 
the semen in the oviduct. , 

Quantity of Semen. Is there an optimum number of sperm to o 
used in the artificial insemination of different species? Importan 
facts pertaining to this problem have been established in rccen 
years. For centuries, biologists have known that nature is extravagan 
in anticipation of reproduction and that there is much wastage of 
seed in both the plant and the animal kingdoms. The discovery that 
relatively small quantities of viable semen can effect conception in 
most animals has been mainly responsible for the recent growth oi 
artificial insemination. 

The matter for concern is the required number of viable, healthy 
sperm per implantation rather than the amount of semen to use. 
This explains why quick tests for gauging the approximate number 
of sperm per cubic centimeter are so important. For cows some tech- 
nicians advise a minimum of 10 to 15 million sperm per Insemination. 
Reports of Russian studies indicate that the use of quantities of 
semen in excess of 2 c c, per insemination did not increase the rate 
of conception in cattle. For example, if the collection averages 1 bil- 
lion sperm per c.c. and the dilution is at the rate of 1 portion of semen 
to 40 of diluter, the approximate number of sperm per c.c. of the 
diluted semen will be 24 million. 


general agreement that 
cn the semen is placed 
'alton, a pioneer in this 
. . On to 
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INSEMINATION EQUIPMENT 

The equipment needed for the collection and preservation of 
semen and tlie insemination of each species, either in a breeding 
association or on the farm or ranch, should include most of the 
following: 

1. Microscope with glass slides and cover slips. 

2. Artificial vagina for species worked with. 

3. Lubricant for preparation of artificial vagina. 

4. Thermometer for taking temperature of artificial vagina and refriger- 
ating container. 

5. Sterile test tubes, some graduated for semen collection. 

6. Beakers, some graduated 100-c.c. and 500-c.c. sizes, for preparing 
solutions. 

7. Labels for marking tubes and vials. 

8. Rubber stoppers for test tubes and bottles. 

9. Refrigerator. 

10. Test tube rack. 

11. Syringes or bulbs and inseminating tubes (catheters) adapted to 
species. 

12. Combination semen and equipment carrying case (refrigerated). 

13. Rubber gloves and sleeve. 

14. Talcum powder in shaker can. 

15. Rolls of sterile absorbent cotton and paper towels. 

16. Coveralls and rubber boots. 

17. Pail large enough to enable washing and disinfecting boots beriveen 
farms or herds. 

18. Suitable powder and brushes for washing equipment. 

19. Physiological saline solution. 

20. Distilled water for rinsing glassware. 

21. Enameled pan, 12 by 18 by 3)4 inches, for washing equipment and 
for holding it afterward. 

22. Alcohol for sterilizing rubber equipment. 

23 Indelible pencil for signing breeding receipts. 

Other special apparatus is mentioned in the discussions dealing 
with the different farm animals. Two important pieces of equipment 
used by the larger commercial breeding associations are the electric 
water heater and the electric drying oven. Much of the equipment 
fonnerly made only of glass is now available in nontoxio plastic. 
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Cicaninz the Equipmcnl. Since sperm are quicHy killed or weak- 
ened by toxic substances, it is very important that all equipment be 
scrupulously cleaned, sterilized, and left sterile until needed 

All new apparatus should be well washed before use so as to re 
move any dirt, grease, and chemical matter. It should also be ste - 
ilized. After each use, too. every piece of equipment must likewise 
be thoroughly cleaned and sterilized. Glass inseminating tubes can 
best be cleansed by drawing some of the cleaning solution “rou^ 
them several times with a rubber bulb or syringe. The synnge shoul 
be taken apart and scrubbed with a brush. After use of the ar i cia 
vagina, the rubber liner and cone should be washed at once va 
warm water, then rinsed Erst in distilled water and then in alcohol 
and dried. The rubber parts are distended by means of clothespins. 
Plastic tubes and bulbs are used only once, so they are not washed. 

Sterilizing the Equipment. Some technicians disinfect all washed 
equipment, including the rubber, by letting it stand five to ten min- 
utes in a 63 to 70 per cent solution of ethyl or isopropyl alcohol. It 
this is done, and it must be used before dry, the alcohol should be 
washed off by rinsing in sterilized buffer solution or semen diluter. 
More common and economical methods of sterilization are boiling 
in water or the use of dry heat. Practical steps should be taken m 
the following order. Boil glass syringes, glass inseminating tubes, 
test tubes, and glass speculums for 15 minutes. With the aid of 
forceps dip the rubber tubing and stoppers in the boiling water 
and remove at once. After shaking off the water, place the rubber 
parts in a drying cabinet, or dry between towels. Glass equipment 
may also be sterilized by placing it in a metal pan and baking it in 
an oven at SoO’ to 350^ F. for an hour. 


Inorganic Salts for Cleaning Equipment* The synthetic organic 
detergents, whose wetting properties have made them so useful for 
washing dairy equipment, possess bactericidal and bacteriostatic 
properties. They are characterized by very high adsorption coeffi- 
cients; even when they are used in dilute solution, the surfaces of the 
equipment contacted by their solutions will show a comparatively 
high concentration of them. The simple construction of sperm cells 
makes it quite logical that those wetting agents which exhibit 
deRnite bactericidal properties will adversely affect sperm. Because 
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of these factors, the synthetic organic detergent should not be used 
in the washing and sterilizing of artificial insemination equipment. 

On the other hand, sodium hexa-meta-phosphate (Calgon, and 
others) and tetra-sodium pyro-phosphate are two inorganic salts 
whose calcium sequestration properties are as great as those of 
the organic detergents, although they are inferior to many of the 
organic compounds in their wetting abilities. Their solutions are 
not bactericidal or bacteriostatic (they decompose ultimately to 
simpler sodium phosphates, and these are commonly used to buffer 
nutrient solutions). Ample water rinsing is adequate. Their lack of 
bacteriostatic effect eliminates the need for removal of traces. The 
phosphates are not corrosive to glass or to rubber and are as non- 
corrosive to metalware as most of the wetting agents. The following 
procedure for washing artificial inseminating glass, rubber, and 
metalware will prove satisfactory: 

1. Directly after using, rinse and brush aU glass, metal, and rubber 
equipment surfaces witli a lukewarm water solution of 0.2 to 0.3 per 
cent sodium hexa-meta-phosphate or 0.3 to 0.5 per cent of tetra- 
sodium pyro-phosphate. Applying some of the dry phosphate on 
moist brush bristles will greatly accelerate cleaning. Small equip- 
ment-syringes, inseminating rods, and so on— which cannot be 
brushed should be soaked for a few minutes, then have the solution 
pushed through so that the speed of flow will increase washing ef- 
ficiency. Higher velocities aid this erosion. 

2. Rinse with lukewarm water. 

3. Drain; rinse all parts with a small amount of 70 per cent ethyl 
or isopropyl alcohol. Permit to dry in a dust-free, ventilated storage 
space. 

Seventy per cent alcohol is a very satisfactory sterilizing agent 
for fully cleaned equipment because it leaves no residue. If the 
equipment is moist after washing, the potency of 70 per cent alcohol 
will not be reduced if tlie surfaces have been drained. 
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Factors Influencing the Quality 
and Quantity of Semen 


ENOS J. PERRY 


Not aU of the factors tliat can affect the conception rate of live- 
stock are kno%vn. Some of those once thought to be significant are 
now deemed unimportant. Reference is made in tliis chapter only 
to tljose most frequently discussed in relation to tlie quantity and 
quality of semen. 

NurnmON 

Too little information is available regarding the nutritive factors 
required for normal reproductive functions in farm animals. Much 
of what exists is contradictory and tlierefore misleading. But the 
considerable research now under way at several experiment stations 
should furnish highly helpful facts. 

Faulty nutrition has long been recognized as having an injurious 
effect upon the male reproductive system of certain species. In terms 
of energy intake, Evans et al. (1922) found that a decrease of 30 
per cent, or less, in tlie amount the rat consumed on a self-fed ration 
would adversely affect reproduction. When underfeeding was dras- 
tic enough to retard markedly tlie growth of the immature male 
animals or cause loss of weight of the mature, the testes revealed 
atrophy, there was loss of mobile sperm, and the rat lacked sex 

SS 
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interest and vigor. In the females, the estrous cj'cle stopped, and 

'’'mTnMara and Walton a933) studied the effects of “SS-wcek 
period of underfeeding of bulk, they noted little or 
the volume and density of the semen or the mobility and n'OtP'™ 
oey of the sperm However, they did find that tlie secretoo ^ 
tion of the accessory glands was much affected by le 
nutrition. The decreases in the concentration of citric acid an ru 
tose were 60 and 30 per cent, respectively, of the original leve . 
But in the recovery period, the values for both of these relume 

slowly to normal. , ,, 

Mann and Rowson (1936) detected sperm in the semen of a Duu 
calf on a high plane of nutriUon at nine months of age. In tlie semen 
of this calTs identical hvin, raised on a low plane, they appeared one 
month later. The activity of the latter animaVs accessory glands, as 
reflected by tlie presence of fructose and citric acid in the semen, 
was delayed four months. Animals considered to be very intelli- 
gently fed, however, arc not always good breeders. In fact, too hb- 
eral feeding frequently lowers breeding efBciency. McKenzie and 
Phillips (1937) noted that highly conditioned, heavily fleeced ra^ 
sometimes yielded many abnormal sperm and were of low fertility 
and occasionally sterile. One show winner had 75.9 per cent of ab- 
normal sperm and failed to impregnate 34 ewes. After shearing and 
reduction in weight, the percentage of abnormal sperm in lus semen 
fell to 15.8 per cent. But he was soon fitted again for the show cir- 
cuit, and at the end of four months his sperm showed 69.2 per cent 
abnormaliUes. However, heavy feeding does not always prove in- 
jmious to animals. Certain ones naturafly gain weight more quickly 
than others and continue to do surprisingly w'cli as breeders for a 
considerable length of time, as reported by Hart and Miller ( 1937 ) - 
The fertility of sperm cells was not seriously impaired by uncom- 
monly high or low feed and nutrient intakes during early grow'th 
and development, as reported by Bratton (1957). But the onset of 
the reproductive function %vas delayed if feed or nutrient intake was 
too low for normal rates of growth and development In a study of 
pasmre versus dry lot feeding for bulls, three feeding regimes were 
^e y Branton ef al. (1953): grain and pasture alone; grain and 
y one, grain and pasture and hay. Sexual behavior, semen pro- 
duction, and fertility were the same for all groups. 
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Protein. It is generally recognized that males in heavy service re- 
quire a liberal amount of protein. Hansen Larsen et al. (1944) re- 
ported a marked improvement in buU fertility when animal protein 
comprised 70 per cent of high protein intake. On tlie contrary, 
Webster ( 1932 ) observed that a Iiigh incidence of sterihty seemed 
to be associated witli morphologically abnormal sperm ejaculated 
by New Zealand bulls wliich grazed pastures in which tlie crude 
protein content of the grass ran as liigh as 35 per cent of the dry 
matter. Branton et al. (1947) reported that tire fertihty of bulls was 
not significantly affected by concentrate mixtures having 12, 16, and 
20 per cent protein. The 20 per cent concentrate resulted in a greater 
sperm concentration, but a lower volume of ejaculate, less motility, 
and less sperm per ejaculate. The Russian worker Smimov-Ugrjumov 
(1937) obtained more and better semen from bulls tliat had in tlieir 
ration such animal protein carriers as bone meal or fish meal, or 
slam milk or blood meal, instead of groimd oats and other con- 
centrates. The experiments by Cunningham and Hopldrk (1935) re- 
vealed that rats given a diet low in lysine had underdeveloped 
testicles. When various proteins (fluid skim milk, dried skim milk, 
and vegetable protein) were fed to calves from the ages of tliree 
weeks through ninety weeks, the source of the protein did not seem 
to make any significant difference in the age or size at which viable 
sperm were first collected from the bulls (Flipse et al., 1956). 

Four sets of identical twin bull calves were used in a trial by 
Flipse ( 1957 ) to compare an experimental ration of com silage and 
hay with a control ration of concentrate and hay. The twins were from 
thirteen to one hundred and twelve weeks of age, inclusive. Total 
digestible nutrients (T.D.N. ) consumption was maintained at the 
level recommended by the National Research Council. Digestible 
protein intake was lower for the bulls fed silage tlian for those fed 
concentrate. Growth, attainment of sexual maturity, and quantity 
and quality (total number and concentration of sperm ejaculated, 
initial motility, and storage possibilities) of semen produced were 
similar in tlie two groups. Com silage is a good source of nutrients 
for maintaining fertility in bulls. The theory tliat heavy feeding of 
grass silage tends to impair the fertility of bulls was exploded by 
Flipse and Almquist (1957) in a trial with 42 animals. There was 
no appreciable reduction in motility or concentration of spcmi 
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among the bulls which ale targe amounts of silage; and the feed 

cost was reduced. » r i *1 

Minerals. The minerals most likely to be lacking in the feeds avail- 
able in the leading li\ estuck areas are calcium and phosphorus. A 
good grade oE legume or mixed hay furnishes ample calcium, an 
when protein concentrates arc fed, a phosphorus deficiency is un- 
likely. Where these two elements arc lacking, however, they can be 
economically provided in dicalcium phosphate. ^ 

Strauch and Brunner (1936) reported that on 57 farms in Ger- 
many where the cattle had serious reproductive disorders, an anal- 
ysis of the soil and hay samples established a direct relationship 
between the phosphorus content of the fodder, the calving index, 
and the insemination index. Ucid (1919) says that reproduction is 
not usually affected until the symptoms of phosphorus deficiency 
appear, and that many cases of cattle sterility in phosphorus-deficient 
areas may not be due, entirely or necessarily, to the lack of this ele- 
ment. The low phosphorus in the forage js accompanied by a low 
protein level, and other dietary deficiencies may be involved. 

In addition to iodine, the other trace elements sometimes, though 
seldom, needed as supplements arc iron, cobalt, and copper. Certain 
soils and the crops from them may be deficient in these minerals. 
Hence the mineral mixtures sold in those areas usually contain the 
necessary materials. The feeding of salt to livestock should never 
be neglected. 

According to Albrecht, there is a close relationship between 
animal fertility and soil fertility. He reports that pregnancy disease 
in sheep was aggravated by soil deficiencies, that poor soils produce 
poor plants, especially in regard to content of minerals, and that 
general good health for man and his animals is dependent in a large 
measure on fertile soil. 


Vitamins. Vitamins A, C, and D seem to be the most important 
ones related to breeding, but the exact vitamin requirements for 
service bulls are as yet unknown. It is believed, however, that a 
deficiency in this phase of nutrition seldom occurs when proper 
attention is paid to feeding a ration that is basically high-quality 
Tougbage. Hodgson et al (1946) caused typical vitamin A deficiency 
_^ptoins m 12 dairy bulk by adiusting tbe intake of this vitamin. 
The semen was of low density with a high percentage of abnormal 
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sperm and a high pH, and it did not store well. Seven of the bulls 
remained fertile, but with a low conception rate. 

Based on a study of the relation of carotene levels to fertility in 
dairy bulls, Jones et al. ( 1946) report that 15 to 35 lig. of carotene 
daily per kg. of body weight seem to provide enough vitamin A for 
Jersey bulls (tlie breed used in tlie experiment) to retain their 
fertility. Two of the five bulls in the experiment became blind dur- 
ing early growth but exhibited normal male behavior at breeding 
age. 

Guim et al. (1942) of Australia found that the fertility of rams 
was rapidly reduced when they were deprived of green feed for 
several months during prolonged droughts. After seminal degenera- 
tion occurred, these workers induced recovery from vitamin A de- 
ficiency with a daily diet consisting of 0.3 lb. bran, 0.4 lb. oats, 0.3 lb. 
linseed cake, 1.1 lb. good wheaten chaff, and 0.7 lb. legume (lu- 
cerne) hay. The condition was also prevented, improved, or cured 
by feeding a mixed vitamin concentrate composed of a concentrate 
of vitamin A (containing 435 international units of vitamin D), liver 
meal, molasses, carrots, and green grass. Within two to four and one 
half months deficient diets caused seminal degeneration, and two 
to three months were required to bring recovery after the supple- 
ments were begun. 

Properly cured hay and silage, when fed in liberal amounts, usually 
supply sufficient vitamins A and D to bulls, rams, and stallions, but 
stored hay loses much of its vitamin A rather rapidly. Young pasture 
grasses are high in carotene, which in turn is changed into vitamin A 
by the animal. Consequently, males which have been given plenty 
of green feed during die growing months go into the winter with a 
large reserve of vitamin A stored in tiieir bodies. 

Tliere is no present evidence to suggest that the larger animals 
ever suffer from a serious vitamin E deficiency. This vitamin is dis- 
tributed widely in natural feeds. An e.xperiment in which Salisbury 
(1944) fed ten bulls wheat germ oil for a year failed to reveal any 
improvement in dieir fertility. 

In conclusion, it can be said that although malnutrition may 
affect the reproductive performance of male livestock in various 
ways, a deficiency of a single element is verj- seldom noted under 
conditions usually prevailing on farms or at headquarters of breed- 
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mg organizations. It has not yet been proved that a 
seems suitable, both in i.ihty and quantity, for normal growtl 
and, apparently, good he.uth is also the best for maintaining normal 
reproductive powers Bui it is encouraging to reflect, as statea oy 
Reid (1949), that 'inestock in general do not experience specific 
nutritional defiuei.tiLS that perceptibly influence reproduction un- 
der good feeding conditions." 


TEMPEnATURE AND SEASON 

The effect that extremes of atmospheric temperature can have 
on the reproductive processes of the male is highly important, t 
has been demonstrated that extra heat applied to the scrotum can 
affect both spermatogenesis and mature sperm and that extreme 
cold causes physiologically subnormal sperm. For proper functioi^g 
in mammals, the testes require a lowcr-than-body temperature. The 
exposed position of the scrotum and its tunica dartos muscle, a 
fibrous layer situated immediately beneath the skin of the scrotum, 
is chiefly responsible for maintaining the optimum temperature for 
the testes. Increased warmth causes this muscle to relax, automati- 
cally widening the spaces between the testes and the body; a fall 
in the atmospheric temperature induces contraction of the muscle. 
Russian workers noted a drop in the quality of sperm of rams kept 
in a shed where the temperature ranged from 80° to 90° F. Males 
of certain species and breeds are poorly adapted to losing heat by 
sweating, a factor influencing the quality and quantity of semen. 

Closely associated with atmospheric temperature as a factor that 
can influence quality and quantity of the semen are the seasons. 
Gunn et al. (1942) reported that hot weather caused seminal de- 
generation in rams, and that recovery usually occurred in the cooler 
season. In some cases it was considered that deficient nutrition was 
an allied factor in the trouble. So positive were the results of their 
study that they developed a method of predicting probable periods 
of highest fertility from information on temperatures and pasture 
conditions. They foretold wth considerable accuracy the quality 
of semen likely to be produced by wholly pasture-fed rams at any 
given time for different areas. When supplementary feeds were 
by th h quality of the semen were influenced only 
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Dutt and Hamm (1957) studied rams during tlie month of Janu- 
ary. Controls were maintained conventionally. Experimental rams, 
sheared and unsheared, were placed in a 90° F. temperature room 
for one week. Volume of semen was little affected by treatment. 
Motility of sperm cells and sperm cell concentration decreased, and 
the number of abnormal sperm cells increased as the result of the 
elevated temperature. The unsheared rams were much more af- 
fected than were the sheared rams. All animals returned to normal 
after treatment. This work shows the importance of shearing in 
helping to prevent lowering of semen quality during hot weatlier. 

Fertility of sheared rams was significantly higher tlian tliat of 
unsheared rams without their being a significant difference in semen 
quality, as indicated by a report of Hulet et al. (1956). Casady et al. 
(1953) concluded that under chamber conditions, spermatogenesis 
in young bulls may be impaired when the animal is continuously 
exposed to an 85° F. temperature for periods exceeding five weeks. 

The work done by McKenzie and Phillips (1937) in Missouri re- 
vealed more frequent completed copulations and better sperm for 
Shropshire rams from October to January and for Hampshires from 
August to January. The rams continued to manifest mating desire 
throughout the year. Green (1940) noted a decline in sperm con- 
centration of Shropshire ram semen from 3.5 billion per c.c. in May 
to 1.36 billion in August, but by December it had risen to 3.41 bil- 
lion. The month for highest number of normal sperm was November, 
and tlie lowest was mid-July. 

The results of studies of the relation between bull semen quality 
and climatic factors in different parts of the United States are at 
variance. Erb ct al. (1942) in Indiana obtained semen of lowest 
quantity and quality in July, August, and September and of highest 
quantity and quality in April, May, and June. The bulls were man- 
aged in the same w.ay throughout the year of the tri.al. The differ- 
ences were attributed mainly to temperature and relative humidity, 
the chief factors associated with change of season. In a study of the 
seasonal fertility of aged bulls in Missouri, Swanson and Hetman 
(1941) reported that initial motility and useful viability were 
lower in winter weather than in spring and summer-conditions be- 
lieved to be duo to the effect of adverse winter weather on the health 
and se.xual activity of the bulls. Working in Arizona with beef bulls. 
Lasley and Bogart ( 19 13) found that they yielded the best spenn 
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from May to September Their findings are in agreement with An- 
derson (1945), who reported that "there appears to be a basic sea- 
sonal rhythm in bull semen associated with climatic factors m Kenya, 
warmer conditions causing stimulation, and vice versa. In a s u y 
of 71,098 cattle artificial insemination services in Kansas, where i 
was felt that climatic conditions were more nearly typical of t e 
southern half of the United Stales, the highest average non-retum 
rate occurred m the fall season and the lowest in the summer. 

Tlie specific causes of these fluctuations are not known. They are 
not simply related to maximum, minimum, or mean monthly tern- 
peratures. It is conceivable that the humidity prevailing in certain 
areas, some of them desert-hke and of high altitude, may help to 
account for lack of agreement in the results of some of the studies 
reported. The degree of acclimatization as well as the species and 
breed can also be listed as influencing semen production. 


FREQUENCY OF USE OF MALE 


There is much individual variation in the number of times that 
males can be used without impairing their fertility. What appears 
to be normal performance for one will be sex strain for another. 
Twenty years of artificial breeding of dairy cattle in the United 
states prove it is sound economy to use an ample number of bulls 
at the studs. 


The sperm-producing powers of healthy males are not quickly 
exhausted, but they should never be abused. When Weatherby ct al. 
(1940) took ejaculates from a bull once dady for 57 days, the volume 
of semen was well maintained, hut sperm concentration varied from 
2,179 million sperm per c.c. in the fourth week to none at the begin- 
ning of the ninth week. The longevity of the sperm increased slightly 
until the fifth \Neek and then declined rapidly. In another test wth 
a virile three-year-old bull, two ejaculates were collected every third 
day for 11 A months. The volume decreased, but the concentration 
and longevity of the sperm remained satisfactorily constant. 

Ihc rate of sperm production in many bulls is probably greater 
tm-lrmT" 'WogOTOil. Using six bulls, Hale cl al 

° con muo,« collections until the bull refused to work. 

to ’'l quality of semen had returned 

to proKixbamtion level lor all of the bulls within one week after 




figure 18 A very remarkable proved sire u the Holstem Kanowo King Posch Nep 
tune, owned and used by the American Breeders Service of Madison, Wisconsin 
To his credit, at the age of fifteen, ore listed 150 000 first services His daughters 
have been producing an annual average of 1,280 lb more milk than their dams 
This achievement typifies artificial insemination's major objective of multiplying the 
germ plasma of the best proved bulls. 


tile exhaustion tests One ejaculate e\ery fourth day or two every 
eighth day for one year was not detrimental to fertility in trials by 
Bratton and Foote (1954) Ejaculations collected at the rate of two 
at eight days apart yielded 60 per cent more motile sperm than 
one at eight days apart The trials by VanDemark et al (1956) in- 
dicated the potential services of a certain Holstein hull to be as many 
as 371,058 o\er a four-year period when ejaculated three times per 
Week 

Baker ct al (1955) found that frequent ejaculation, up to three 
times per week, did not affect an>thing except libido (which was 
adiersely affecled) Bold and VanDemark (1957), using ten daiir 
hulls from one and one-lnlf to four jears old, conducted a senes of 
partial exhaustion tests (ten consecutixe ejaeiilates within 90 niin- 
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utes) The extremely depleted sperm supply was fully restored after 
a seveir day period Lengthening the interval between exhaustions 
to 30 days did not result in any more sperm than did the seven-day 

™T^k V shows the effects of an exhaustion test-though not ex- 
treme-on the semen of a bull when eight esaculates were col- 


TaBLE \ EfFICT of FHEC1UE-.CY OF COEEECTIOX OV SeMEX VoEEME, 
Speem Concentbatios, aed Froctose Costest of Beee Semex 
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no 
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(min ) 

Volume of 
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(ml) 
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1 

0 

4 2 
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2 

10 

3 9 

680 
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3 

18 

3 7 

254 

900 

4 

28 

3 7 

648 

750 

5 

38 

3 4 

135 

820 

0 

45 

3 5 

342 

820 

7 

55 

2 7 

390 

630 

8 

63 

2 9 

98 

690 


Source Mann, l9o4 


lected from the same bull within 63 minutes at intervals of seven to 
ten mmvites 

The dilRculty of exhausting the sex organs of rams was noted 
by Kuznetsov el al (1930) After a total of 42 ejaculates were col- 
lected from one ram in nine hours, the sperm concentration was stiU 
100 million per c c The first ejaculate contained 23 times that num- 
ber Gunn ct al (1942) reported that rams ejaculated as often as 
8 times in 10 days and 17 times in 45 days showed no radical de- 
crease m the duration of motility, percentage of active sperm, or 
%olume of semen neither did the morphology of the sperm seem 
to be aficcted m any way In the experience of Lambert and Mc- 
tnzie (1940), rams could stand three and in some instances even 
more m-Umgs daily during the breeding season without apparent in- 
]ur> to their breeding powers 

Anderson (1945) says It would appear there is a certain wave- 
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like progress of sperm from the testis and that differences occur in 
the rate at which they are pushed forward. The rate in some rams 
must be so fast tliat each ejaculate contains a normal amount of 
sperm, but in others copulation may not result in emission of semen 
because refilling has not taken place. If a sluggish, slow-breeding 
ram yields an ejaculate of subnormal quality or none at all after a 
sufficiently long rest period, tius can probably be considered a sign 
that the refilling did not occiu because of lack of sperm in the testis 
or of some grave disturbance in the neuro-muscular mechanism of 
sperm transportation.” 

A prolonged sexual rest of males of various species results in the 
first ejaculate’s being of low quality. Trials have shown that where 
the interval of use ranged between six hours and a week, the volume 
of semen and the sperm concentration were not appreciably affected. 
Lambert and McKenzie (1940) found that most mature stallions 
could be used from two to five times on some days without reducing 
their fertility, but that they should be used much less frequently 
after a few days of heavy service. Like other animals, stallions differ 
^videly in their semen-producing capacities. The older ones usually 
show sluggishness and emit a large proportion of immature sperm 
sooner tlian younger horses after frequent services. 

According to work done by McKenzie et al. (1938), the volume 
of semen from boars was not reduced by services at 48-hour intervals, 
but a marked drop occurred at 12-hour intervals. They found no 
correlation between live-weight and volume of ejaculate. In one trial, 
four boars ejaculated at the average rate of approximately 20 billion 
sperm daily for several days, and another, still more sexually rigorous, 
gave 33 billion daily for 14 days. Colleetion of semen every' 72 hours 
over a nine-month period appeared to gh’e satisfactory production of 
boar semen, based on research by Dziuk (1958). 


SEmacE BEUAWon 

How to induce serx’ice by certain males that are impotent, unable, 
or unwilling to sen’c can be a major problem. It is one that has re- 
ceived less attention than it dcserx’cs, because unless a male is keen 
to work, his condition amounts to sterility. The factors that may 
influence sexual behavior are Imtli external and inlem.al. The in- 
tenial factors include the physiological— especially those connected 
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endocrine system. Tin se. as well as the part that disease and 
defects can play in service behavior, arc treated in other 


Lagerlof (1934) reports the slaughter of 161 bulls in one year on 
account of sterdit> rdtv-fonr per cent were discarded because ot 
inability to serve, and h H per cent because of Inch of desire to mate. 
Umvillingness ol hulls to serve seems to occur more frequently under 
the artiRcial than the natural breeding program. Says Ilenderson 
(1946), “The usual history of these cases is for the change to take 
place gradually, the bull requiring a little longer reaction time for 
each service, until finally service is refuseth lie may show no in- 
terest in the teaser cow or may confine himself to occasional attempts 
to mount which arc not completed. The cause of this condition is 
not always clear, hut may be overwork, rough handling of the 
artificial vagina, or wide variations in the temperature or pressure 
of the artificial vagina. In preventing its occurrence, it is recom- 
mended that conditions be standardized as much as possible. Scr\'ice 
should take place in the same location each day, at approximately 
the same time, and the space between scrx’ice dates should be kept 
as even as possible. Service should not be preceded by a heavy feed. 


Pressure and temperature of the artificial vagina should not vary 
between services for an individual bull, but may vary between bulls, 
and care should be taken that the penis is not injured during col- 
lection.” 


With this type of behavior there are various ways of inducing 
bulls to respond. These include changing the teaser cow, substituting 
bull for cow, leading the cow away from bull, and further frustrating 
the bull by leading him to and from the cow without the opportunity 
to serve. In the bull, keenness to serve should not be considered a 


criterion of fertility. Trials have demonstrated, however, that the 
restraining of bulls to induce sexual excitement can increase semen 
volurne and the number of motile sperm per ejaculate. Some com- 
pletely sterile bulls will exhibit normal mating behavior. There is 
good evidence, too, that in rams the desire to breed is not a wholly 
nl spermatogenetic activity, 

McKenzie and Phillips (1937) 

wU^o f — "'‘"f continue to copulate 

without emission of sperm, follosviug frequent matings. 

Proper training m early breeding life is important in the work of 
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semen collection. Most bulls, rams, and boars can be taught to 
mount females out of heat. 

Crombach et al. (1956), working with identical twin bulls, ob- 
tained twice as many hving sperm when the bulls were restrained 
for five minutes and allowed one false mount before ejaculation as 
when no frustration was practiced. Restraining bulls prior to first 
ejaculation was accompanied by liighly significant increases in semen 
volume per ejaculate, tlie sperm cell concentration, and motility of 
sperm cells, as a result of trials by Branton et al. (1952). 


DISEASES 

It has been mentioned that injuries and diseases of various kinds 
can influence service behavior. They can also directly affect the 
quality and quantity of semen even when males are able to serve 
the artificial vagina or copulate. A marked rise in body temperature 
is often quickly reflected in semen production. There can be sperm 
degeneration due to acute abscesses. The severe fever that follows 
can cause the loss of sperm heads. Not only the commonly occurring 
foot-rot in bulls and rams but also severe abscesses and swellings, 
trauma (inflamed scrotum), epididymitis, and hypoplasia are ex- 
amples of ailments that impair the breeding powers. All valuable 
sires should be given clinical examinations at regular intervals. 

DACTERIA 

The genital tracts of sterile males and those of low fertility often 
harbor large numbers of various kinds of bacteria, including staphy- 
lococci, micrococci, bacilli, coliform organisms. Pseudomonas pyocy- 
anea, and Brucella abortus. New York and New Jersey, investigators 
found hundreds of millions of bacteria per cubic centimeter in many 
samples of bull semen. 

Knodt and Salisbmy (1946) have showed that in normal ejacu- 
lates from bulls, optim.al density of bacterial growth doubles in 
three days. The artificial breeding organizations now add penicillin 
or streptomycin or both to bull semen diliitcr. The practice of making 
such additions is highly recommended as a means of pres’cnting bac- 
terial growth and of killing certain pathogenic organisms that may 
be present in the semen. 
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TTIANSPOIITATION 

The transportation of certain males may prove injurious to their 
breeding powers. On the oilier hand, there are reports of long-Uis- 
tance shipments exceeding a thousand miles by tmek and railroa 
xvith no apparent ill eifccts on ability to serve artificially or naturally 
and no effect on sperm production. There is belief among managers 
of cattle breeding associations that refusal of some bulls to mount a 
few days after arrival at another headquarters is due to the new 
surroundings and not to shipping injury. It is sound practice to 
allow the males of most species to rest and to become acquainte 
with their new environment Ircfore putting them into service. Wil- 
lett’s studies (1957) show that no reduced fertility in bulls could be 
attributed to transportation. 


Even though working with 41 bulls especially selected for their 
fertility, Tanabe and Salisbury (1946) found that young bulls be- 
tween the ages of one to three, inclusive, had the highest breeding 
efficiency of all of the age groups. The two-year-old bulls that rated 
the best had 58.1 per cent of non-retums to first service, followed 
hy 50.6 per cent for three-year-olds, 49.3 per cent for four-year-olds, 
42.1 per cent for five-year-olds, 42.2 per cent for six-year-olds, 49.9 
per cent for seven-year-olds, 51.6 per cent for eight-year-olds, 48.4 
per cent for ten-year-olds, and 43.1 per cent for twelve-year-olds. 
From the ages of three to seven years, inclusive, the cows maintained 
a fairly uniformly high breeding efficiency. The study was based 
on 12,621 services to Holstein cows in artificial breeding associations. 

The investigation by Bowling et al (1940) that involved one large 
herd bred by natural service revealed over a long period an average 
conception rate of 1.5 services per pregnancy for yearling bulls, 1.63 
1 three-year-olds, 1.56 for four-year-olds, 

1.79 for five-year-olds, 1.87 for six-year-olds, 2 05 for seven-year-olds, 
vea^-olS"?' *'rteen-yaar-olds, and 2.57 for fifteen- 
hiefier Vtr % ° ffi ^ studies many bulls of mature age had a 
higher breeding efficiency than the immature ones. 

not finf • f ° ^ McCullough et at. ( 1951 ) did 

find a s.gmfieam trend in conception rate tvhen the age ranged 
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from two to thirteen years This does not neeessarily prove that ad- 
vancing age has no effect on a sire’s fertility. By paying attention to 
wise feeding and management, many of the best-bred sires of tlie dif- 
ferent species can be made available for extra years of useful service. 


INHEllITANCE 

There is considerable disagreement concerning the degree to 
which inheritance may be a factor in the reproductive efficiency of 
livestock, male and female. The prevailing opinion, however, in- 
dicates tliat both heredity and environment exercise an effect. But 
in most studies, conception rate, however measured, shows low 
heritahility and repeatability. 


EXERCISE 

A comparison between exercised and nonexercised bulls conducted 
by Snyder and Ralston (1955) showed that exercise did not signifi- 
cantly affect conception rates. 
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Cattle 


ENOS J. PERRY 

Physiological and other difficulties have prevented a wide applica- 
tion of artificial insemination to some classes of livestock; but with 
cattle many major problems have been resolved. Various improve- 
ments in techniques, however, still remain to be discovered. 

Leading breeders of dairy cattle were among the first to become 
Interested in the possibilities of artificial breeding as an instrument 
for herd improvement. They realized full well not only the work, 
expense, and danger involved in raising and handling bulls but also 
the highly speculative aspect of the too common practice of mating 
an entire herd to an unproved sire for two or three years. The chapter 
on artificial breeding organizations reveals the substantial progress 
made to date with dairy cattle. Improved techniques and a keener 
appreciation of the part that good inheritance plays in herd improve- 
ment should bring about future marked expansion, organizationally 
and privately, in use of both dairy and beef bulls. 

Since 1952, frozen semen has become an increasingly important 
part of the cattle breeding program in many countries of the world. 
Semen processing, storing, and rise are fully treated in subsequent 
chapters. 

A knowledge of the anatomy and physiology of the male and 
female reproductive organs is essential in the proper practice of 
insemination. For the facts on this subject see Chapter 2, which 
deals primarib’ with the reproductive organs of cattle. 

ita 
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SFMFN COLLFCnOV 

The three best-hnown methods of obtaining semen from a bull 
are (1) by use of the aitificial va^na, (2) by electroc)aculation, 
and (3) by massaging of the accessory genital organs (ampullae 
of the ductus deferens) 

The Artificial Vagina. The use of this device has proved a great 
boon m the artificial program with cattle, because with it a normal 
ejaculate can be quickly obtained The outfit usually consists of an 
outside rubber cylinder 16 inches long and 2 V 2 inches in diameter 
for mature bulls of normal size, and 10 inches to 14 inches long and 
2 inches m diameter for those >oungcr or undersized This stiff casing 
IS fitted with an inner rubber lining, the ends of which are turned 
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back over the cylinder ends and held in place with ])eav)' rubber 
bands. A funnel-shaped piece of rubber, holding a graduated test 
tube or vial in its small end, is slipped over one end of the vagina, 
as shown in Figure 19. The tube is covered with heavy cloth to 
protect against breakage. Through the hole or special valve, the 
jacket is filled one-half to two-tliirds full with hot water at 130“ to 
150° F. The optimum is approximately 140° F. The inside tempera- 
ture of the vagina should be between 105° and 115° F., altliough 
the requirement for different bulls sometimes varies. A thin coating 
of sterile, water-soluble lubricating jelly is then applied to the first 
four or five inches of the inside anterior part witli a sterile glass 
rod. If the bull fails to ejaculate within a period. of six or seven 
minutes, the vagina should be re-warmed by a change of water. 
If the collection must be taken any distance it should be tightly 
wrapped in a blanket. Some technicians, when operating in cold 
weather, help to protect the sperm against cold shock by using a 
long type of vagina which contains witliin it the collection vial. A 
few individuals prefer an artificial vagina which is distended and 
pressurized by air instead of water. In this case, the inner liner is 
usually made of a rather heavy type of rubber with a rougher than 
usual surface, and it is sometimes used unlubricated. For each 
ejaculate, use a clean vagina to reduce the possibility of bacterial 
contamination. 

In this method of collection, bull preparation is of special impor- 
tance. The hairs near the end of the sheatli should be kept trimmed 
to a length of approximately one-half to two inches. The underside 
of the body must be clean and should be washed with warm water 
free of soap, and allowed to dry prior to semen collection. 

Next in order is the conditioning of the bull, psychologically and 
sexually, for maximum response as desired by the technician. A 
quiet cow, bull, or steer is generally satisfactory- as the stimulus 
animal or "teaser.” As a means of increasing the quantity and quality 
of semen, it pays to restrain most bulls just prior to collection. The 
studies in bull behavior by Almquisl and Hale (1958) showed that 
more than twice as many sperm per ejaculate can often be obtained 
from a bull if ho is restrained, allowed false mounts, or subjected to 
other teasing. A field study revealed that sperm numbers incrc.TScd 
67 per cent when ejaculates were collected at the rate of two per 
week instead of one per \s cck. Teasing methods were a factor in in- 



Figure 20 Teehn clant of a modem ortificiol breeding orgontcotton prepare 
collect semen with the art Teal vogino 


ducing one bull to ejaculate 77 times in five hours, and anoUier 
yielded 79 billion sperm within a penod of seven hours The means 
of stimulating sexual activity included changing the teaser animal, 
changing the collecting site, circling the teaser around the bull, 
allowing false mounts, and presenting two teasers side by side 
Prior to making a collection by means of the artificial vagina, the 
stimulus animal should be placed in a breeding rack (see Figure 20) 
As the bull starts to mount, the technician holds the artificial vagina 
alongside the confined animals thigh with the open end lowered so 
that he can quickly guide the penis into it by applying his free hand 
to the sheath When the bull dismounts, the vagina should be up- 
righted at once to protect the semen collection 
The Electroeiacuhtor This is an emergency device with which 
semen is taken from a crippled or libido lacking bull by stimulating 
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the nervous system of his reproductive traet. With the probe in the 
rectum, the current is started at a low voltage and is increased 
rhythmically to the point where ejaculation usually occurs. The 
managers of breeding organizations report that this machine has its 
definite place but that they seldom obtain a quality of semen equal 
to that afforded by the artificial vagina. Some of the later units have 
been reduced in size because of being equipped with resistors. The 
manufacturers have been trying to devise improvements sufficient to 
eliminate the objectionable spasmodic reaction of some bulls. The 
animal can be best controlled in a narrow chute or similarly con- 
fined area. Cupps et al. ( 1957 ) collected semen on alternate weeks 
for eight weeks by the electroejaculation and the artificial vagina 
methods from nine Herford bulls sixteen to nineteen months old. 
The resulting differences in per cent of motile, live, or abnormal 
sperm were not significant, but the average sperm concentration, 
total number of sperm per ejaculation, and fructose and citric acid 
levels in the semen were significantly lower in tlie semen collected 
by electroejaculation. 

Massaging the Ampullae. Another metliod of collection and one 
tliat requires considerable experience and skill is the massaging of 
the ampullae via the rectum. Before practicing this system, firsthand 
knowledge should be obtained from someone who is adept at it. 
Some bulls respond ratJier poorly to it, and the collections ol semen 
are not likely to be as clean as those made svitli the artificial vagina. 
This method therefore is recommended only in the case of valuable 
bulls that are lame or for some other reason do not mount the cows. 

By a few stroking motions, rid the sheath of any residual urine 
to prevent urine contamination of the semen. Clip tlie end of the 
sheath and wash it with water, using a soft brush, partly to induce 
urination before collection, since urine is toxic to sperm. 

The assistant should hold a funnel leading to a test tube directly 
underneath the prepuce. Several test lubes should be kept on hand 
so that a clean tube can be subslilulcd if the one being used becomes 
dirty. The operator must have short fingernails, and it is well for 
him to wear a long-iileeved nibber glove as arm protection. The 
anus of the bull and the arm of the operator arc well lubricated with 
mineral oil or vaseline or a mild soap. All feces are first removed 
from the rectum, and the ampullae are then located by protnidiiig 
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the hand toward enough so that the fingers fall over 
edge of the pehic hone Then a backward drawing of the a™ 
a gentle downward pressure of the hand will let the fingers P 
into a triangular sp itc formed by the tw o ampullae ( sec Figure ) 

The two seminal \tsitlcs join the urethra at the apex o ns 
angle, and a hand of tissue is felt just behind this point (Fig -21, 
c, d, and e) The ampullae arc massaged by the “stripping tecn- 
nique ’ The second finger of the band is nm between the two am- 
pullae. and the index and third finger arc placed on the outer side o 
the ampullae A slow, rhythmic motion must be practiced with tins 


massaging method 

Nonmoimfmg Males Bulls which refuse to mount for one reason 
or another can sometimes be trained to ejaculate The decoy is 
brought to the bull’s pen or other suitable area for his stimulation 
After protrusion of the bull’s penis and release of some seminal fim , 
the person collecting applies an artificial vagina of about eight inches 
m length to the thnistmg penis McLean (1957) found that a few 
weeks are usually required to tram such bulls to the point of suitable 
response The decoys must be changed more often than usual There 
are records of satisfactory collections for 18 months or longer» with 
conception rates almost as high as when normal collecting was prac 
ticed 

The Dummy Cow Some of the breeding associations have the 
dummy on hand as part of the standard equipment, but reports in- 
dicate that the percentage of bulls that will mount it is smaller than 
the percentage that will mount a cow m the breeding rack The 
degree of success with this apparatus (see Figure 22) depends upon 
the training given the bull He should first be allowed to ejaculate 
using a teaser cow or male, and he should be taken to the same 
quarters each time After he has learned to anticipate service there, 
the dummy may be substituted for the teaser Young bulls are more 
easily trained than the older ones The dummy must be strongly 
constructed, with the framework preferably of metal and adequate 
to support the weight of the largest bull It should bear some slight 
resemblance to the female, and the top and sides should be well 
padded and covered with a hide or strong canvas The vagina can 
be held in place by a springlike attachment, by straps, or by some 
one seated under the dummy 




Fioure JI Polition of the orooni of iSo boll ond rnolhod of monlpololmo 

Ihomi A Motiooioo too'lool vcticlci « Monos no thp ompolloo of iho doctoi 
deforeni Tho orooni otir. o Sem.nol veildel 6 Ampolloe c Body of proiloln 
d Polvlc orothro • Bulbo^irnllirol (Conrpor t) olorrdl f Bladder p PcI.lc bone 
(Miller ond fvoni 193^1 


BRACE 



CHARACTEmSnCS OF BULL SEMEN 

Before any bull is accepted by an artificial breeding organization, 
it must be made certain that he is free of the transmissible diseases. 
In the case of the younger, unproved bull, it is preferable that he 
never have been used naturally. Today, many a bull is being leased 
or bought subject to the passing of various tests, including one for 
fertility. Both his breeding history and his semen should be carefully 
examined, A good natural breeding record is hardly sufficient. There 
is the ever-present possibility that the genital organs may have be- 
come quickly infected. Palpation by the verterinarian will reveal 
whether or not the testes and epididymides are normal. 

One or two samples of semen sometimes fail to give a complete 
picture of a bulls breeding condition. Therefore, many organiza- 
tions and private breeding establishments prefer to bring him to 
headquarters where he can be isolated and tested in the various 
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ways that will indicate tlie nature of his ejaculates and his service 
behavior. A high level of sexual activity and sperm-producing ability 
are desirable conditions governing purchase. 

Volume. The volume of semen is usually proportional to size and 
body weight of the animal, altliough it is sometliing of an individual 
trait and may even be a family characteristic, as are milk and fat 
production in dairy cows. Yearling bulls may yield only a few cubic 
centimeters per ejaculate, whereas older ones often give 6 to 12 c.c. 
Healthy bulls of both the dairy and beef breeds average 5 to 6 c.c. 
There seems to be no marked breed difference in mature sires. A 
normal ejaculate may range from 1 to 15 c.c. 

On the basis of moderate usage, some of the difference in volume 
may be due to the intensity of the sexual preparation— restraint, false 
mounting, and so on— before ejaculation. Anotlier factor is the vary- 
ing amount of the more watery portion of the ejaculate known as 
accessory gland secretions. The main accessory glands, which are 
the seminal vesicles, vary in size between bulls and are often un- 
symmetrical in size in the same bull. A little more tlian half of the 
ejaculate is from these glands, the funetion of which is to provide the 
kind of secretion tliat will facilitate the ejaculation of the concen- 
trated sperm fraction. 

Color. Normal bull semen resembles whole milk in color. Its white 
opaqueness is due almost entirely to the dense mass of sperm present. 
Grades of semen of lesser concentration are characterized by a more 
watery appearance, down to almost transparent ejaculates. 

Abnormal color can reflect unhealthy genital organs. A yellowish 
color may indicate the presence of pus or urine, and a reddish or 
pinkish color, that of blood or degenerating tissue. A watery sample 
is also unnatural. All such ejaculates signify abnormal semen and 
should be discarded. 

MotilHij of Sperm. When a drop of normal, fresh bull semen is 
viewed under the microscope, one secs a mass of swirling, progres- 
sively moving sperm. As the cooling procc.ss begins, motility becomes 
sluggish and finally censes. The object of cooling the semen to 35° 
to 40° F. is to preserve the life of the .spi-rm by conserving their 
energy and by slowing down Imclerlal giowth. At body or room 
temperature they become cximnsled in a few hoims. 

Sperm Conccnfrtilloii. Fjnculiiles of heavy concentration arc in 
favor with technicians, The rate of semen dllntlnn is based on the 
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number of progressively motile sperm rather than the ‘'j® 

ejaculate. Normal hull semen ranges in concentration 

lion to 2 billion sperm per e e . with an average close to 1 billion. 


TESilNf. SEMEN FOR QUALITY 

Wide variation exists in the quality of semen obtained from dih 
ferent bulls Semen from all extensively used hulls, like *» 
breeding organizations, sliovild be sub)cctcd to tests, some 
and some periodic. It should be understood, however. 
not yet an infallible criterion of the fertility of the sperm o ler 
actual breeding. Badly needed is a quick, reliable test , 

quality which will predict within veiy' narrow limits the icr 1 1 y 
a given semen sample. , 

Branton et al (1931) published the following statement, based on 
a series of correlation analyses of semen quality and fertility, using 
100 samples; “The following combination of tests and minimi^ 
standards are recommended for evaluating bull semen: (a) ^ 

initial progressive motility of at least 50 per cent, (b) Tlic concert 
tration as determined by photoelectric colorimeter or liemocytometer 
should be at least 500 million sperm per c.c. (c) The modified 
ylene blue reduction time, using 300 million sperm per 
not exceed nine minutes and preferably not seven minutes, t 
methylene blue reduction test has not proved to be as practical arid 
as widely used as the earlier reports indicated it would be. Details 
of its techniques can be obtained from the report by Beck and Salis- 
bury, 1943.) 

The Motilifi/ Test. From an examination of 1,000 samples of bull 
semen, Sferco (1956) noted that sperm motility, as determined 
visually, was very highly correlated with the per cent of live sperm 
as revealed by postvital staining Motility evaluation is based on: 

(1) Per cent motility, which in turn is the visual estimate of the 
number of actively moving sperm m a semen sample, in terms of 
a per cent of the total sperm present, in increments of 10 per cent. 

(2) The rate of motility, based on the type and speed of the forward 
movement of the sperm The four types of bull sperm motility gen- 
erally seen are. (a) progressive, (b) circular-movement narrowed 
to a radius approximating length of the sperm, (c) vibratory-side- 
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to-side motion in static position, associated with aged semen, and 
(d) reverse— sperm in backward motion. 

So important is the test of motility in evaluating bull semen that 
the method of its estimation is here given in considerable detail, 
using the techniques of Almquist (1958): 

1. Prepabation of Slide for Estimation of Sperm Motility 

A. All surfaces which come in contact witli semen should be clean and 
sterile, including glass slides, cover glasses, and glass rods. 

B. Warm the slide (on microscope lamp), using care not to get slide 
too hot. Test by touching it to side of face. 

C. Place one drop of warm (98.6° F. or 37° C.) physiological saline 
(0.9 gm. NaCl in 100 ml. distilled HoO) or sodium citrate buffer (2,9 gm. 
Na 3 C 6 H 507 . 2 H 20 in 100 c.c. of distilled water) on the prewarmed slide. 
(If the semen has been diluted to 1:25 or over, no citrate buffer may 
be needed except with homogenized milk diluent, when the buffer may 
be helpful. ) 

D. Invert tube of semen two or three times to mix well. With raw 
semen, place a small amount of semen in the saline or citrate buffer by 
barely touching the tip of a glass rod with semen into the buffer. With 
diluted semen, a larger sample (one drop or a smear the size of a dime) 
will be needed since no buffer is used. 

E. Immediately, place the cork in the tube of semen and put tlie tube 
back in the beaker of cold water or into the refrigerator. Do not let the 
semen in tlie tube warm up, 

F. Gently place a cover glass over the semen sample. With raw semen, 
first mix the semen and buffer with the cover glass. This glass thins the 
sample out for better observation and prevents the sample from drying 
out loo rapidly. It also reduces the possibility of smearing the objective 
of the microscope with semen citrate buffer mixture. 

G. Warm the slide to body temperature, 37° C. (98.6° F.). A stage in- 
cubator is desirable. The microscope should be kept in a warm room, or 
it may be necessary to rewarm the slide during examination. 

H. If a stage incubator regulated at body temperature is used, it should 
be permitted to warm up for 15 minutes before a slide of semen is placed 
in it. 

I. For comparison, two semen smears from the same lube of semen 

should be placed on a slide at the same time. i. i 

J. After completing the estimation of sperm motility* place the glass 
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Shdes and cover glasses .n separate bcaVers of water for subsequent 

cleaning 


II Use of Microscope for Morn-nT Estimatiov 

A With noscpiece adjusted so that shorter objective (lOX) 
hole of stage turn mirror with flat side facing 
reflects light from hmp through the condenser and through hole i 
stage (With a suhstage lamp, the mirror is not neede ) ) 

mirror until the field m view is evenly and brightly illuminated 
denser should be positioned so that its top surface is approximately 
half inch below the top of stage , 

B After placing the prepared slide on the stage, grasp the roar 
justment (large wheel), and watching the ob)ecbve from the side o 
the microscope, turn it clockwise until the objective nearly touc es 

C Ltook through eyepiece and slowly turn the coarse adjustment 
counterclockwise to bring the sperm into view 
D Manipulate the fine adjustment (small wheel) to bring the sperm 
into sharp clear focus 

E Examine under the low power (lOx) objective by looking at sev 
eral fields to insure that the semen is evenly distributed and appears the 
same m all fields Estimate the percentage of motile sperm to the nearest 
10 per cent while focusing up and down with the fine adjustment 
F Carefully turn the nosepiece to brmg the high power objective (4o 
or 44x) over the field If it appears that the objective will strike the 
slide, turn the coarse adjustment counterclockwise to permit the ob- 
jective to come mto place 

G Focus as above with fine adjustment only Great care is needed be 
cause the high power objective is loo close to the slide View several 
fields on each smear 

H To help reduce eye strain keep the eye that is not looking through 
the microscope open, and alternately use both eyes for viewing 


III Common Ebbobs in Estimatinc Motility 


Source of Error 
A Human element 

B Flow or drift of sample 


Method of Reducing 
One person should make all estuna 
tions for one purpose Procttce 
and Care m Insemtnatton 
Use a smaller amount of fluid 
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C. Dryness of slide. 


D. Diluter effect. 


E. Concentration effect. 

F. Temperature. 

G. Sampling. 


Have sufficient fluid. Do not allow 
slide to dry out. Do not use tlie 
very edge of the smear. Estimate 
motility immediately after pre- 
paring slide. 

In general, motility is slower in di- 
luted semen containing glycerol, 
semen diluted in 1:1 egg yolk- 
citrate, and slightly slower in 
homogenized milk than in skim 
milk. 

Use a concentration of about 10 to 
40 million sperm per c.c. 

Have the slide of semen at 37° C. 
(98.6° F.). Avoid temperature 
shock at all times. 

Obtain a typical sample by invert- 
ing the tube several times. Use 
duplicate samples. 


IV. Featubes of an Adequate Micboscope 


A. Monocular body svith lOX Huyghenian eyepiece. 

B. A mechanical stage is preferable but not essential. 

C. Acromatic objectives of the following specifications: 



Equiialenl 

Initial 

Final magnification 

Type 

focus 

magnification 

tcith a lOX eyepiece 

Low pow er (drjO 

16 mm. 

lOX 

lOOX 

High power (dry) 

4 mm. 

43 or44X 

•tso or -tiOX 


D. Phase-contrast objectives of the same magnifications can be used 
in place of acromaUc objectives. They pcimit greater ease in obscrs-ation 
and greater accuracy in motility estimation. 

Concentration; the Fhotoclcclric Colorimeter. For prcscnt-day 
breeding organizations the photoelectric colorimeter is the best and 
most practical means of making sperm counts so that each bulls 
semen can bo so diluted ns to instirc enough sperm for cverj- insemi- 
nation. The inslnimcnt must l>e standardized against known sjsenn 
concentrations as determined by the bcmocytometer methotl l>cforr 
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slides and cover glasses in separate beaters of water for subsequent 

cleaning. 


II. Use of Microscope fob Motility Estimation 

A. With nosepiece adjusted so that shorter objective (lOX) 
hole of stage, turn m.rror with flat side 

reflects light from lamp through the condenser and , 

Stage. (With a substage lamp, the mirror is not needed.) J 
mirror unUl the field in view is evenly and brightly illummated. 
denser should be positioned so that its top surface is approximately o 
half inch below the top of stage. 

B After placing the prepared slide on the stage, grasp the wars 
justment (large wheel), and watching the objective from the ® 
the microscope, turn it clockwise until the objective nearly touc es 

C. Look through eyepiece and slowly turn the coarse adjustment 
counterclockwise to bring the sperm into view. 

D. Manipulate the fine adjustment (small wheel) to bring the sperm 
into sharp, clear focus. 

E. Examine under the low power (lOx) objective by looking at sev- 
eral fields to insure that the semen is evenly distributed and appears the 
same In all fields. Estimate the percentage of motile sperm to the nearest 
10 per cent while focusing up and down with the fine adjustment 

E. Carefully turn the nosepiece to bring the high power objective (43 
or 44x) over the field. If it appears that the objective will strike the 
slide, turn the coarse adjustment counte^clock^vi5e to permit the ob- 
jective to come into place. 

G. Focus as above with fine adjustment only. Great care is needed be- 
cause the high jwwer objective is too close to the slide. View several 
fields on each smear. 

11. To help reduce e>e strain, keep the eye that is not looking through 
the microscope ojven, and alternately use both eyes for vnewing. 


HI. Common Errors in Esttmatinc Monurr 


Source of Error 
A. Human element 


B. Flow or drift of sample. 


Method of Reducing 
One person should make all estima- 
tions for one purpose: Practice 
and Care in Insemination. 

Use a smaller amount of fluid. 
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C. Dryness of slide. Have sufBcient fluid. Do not allow 

slide to dry out. Do not use the 
very edge of the smear. Estimate 
motility immediately after pre- 
paring slide. 

D. Diluter effect. In general, motility is slower in di- 

luted semen containing glycerol, 
semen diluted in 1:1 egg yolk- 
citrate, and slightly slower in 
homogenized milk than in skim 
milk. 

E. Concentration effect. Use a concentration of about 10 to 

40 million sperm per c.c. 

F. Temperature. Have the slide of semen at 37° C. 

(98.6° F.). Avoid temperature 
shock at all times. 

G. Sampling. Obtain a typical sample by invert- 

ing the tube several times. Use 
duplicate samples. 

IV. Features of an Adequate Microscope 

A. Monocular body with lOX Huyghenian eyepiece. 

B. A mechanical stage is preferable but not essential. 

C. Acromatic objectives of the following specifications: 

Equiiaienl Initial Final magnification 

Type focus magnification with a lOX eyepiece 

Low power (dry) 16 mm. lOX lOOX 

High power (dry) 4 mm. 43or44X 430 or 440X 

D. Phase-contrast objectives of the same magnifications can be used 
in place of acromatic objectives. They permit greater case in observation 
and greater accuracj' in motility estimation. 

Concentration: the Photoelectric Colorimeter. For present-day 
breeding organizations the photoelectric colorimeter is the best and 
most practical means of making sperm counts so that each bull’s 
semen can be so diluted as to insure enough spenn for evciy insemi- 
nation. The instrument must Ire standardized against knowm sperm 
concentrations ns determined by the hemocylomelcr method Ircfore 
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using it routinely. If several colorimeters are used m 

cooperating area, they should all be so standardized as to obtain 

simL results and have similar data reported ‘o 

They function on the pnnc.ple that the higher the coneentrat.oi^ 

sperm the greater will be the opacity or turbidity of the 5®“’® ' 

operator should always follow the Instructions of the accompany ng 

manual when setting up and using this equipment. In addition, tn 

following procedures practiced at the Dairy Cattle Breeding 

search Center at the Pennsylvania State University should prove 

helpful. 


I. Operation of Instrument 

The following specific instructions are intended only as a suppl^u^nt 
to the general instructions contained in the instruction manual funus e 
with each instrument. Consult instruction manual for the proper set mg 
up and operating procedures. 

A. Select a location for instrument away from strong light and ex- 
cessive vibration. 

B. Permit instrument to “warm up" for a period of at least 20 minutes 
prior to use. 

C. Do not move or jar instrument while galvanometer switch is in the 
“Operate" position, or serious damage may result. 

D. Alonys check the zero position of galvanometer before each senes 
of readings. 

E. Check the blank reading (100 per cent transmittancy) before each 
sample determination. The blank should consist of 5 0 ml. of 2.9 per cent 
sodium citrate solution (without sulfanilamide) in a clean, dry absorp* 
tion cell. 

F. Use the red filter, 630 m/t. for all blank and sample readings. 


II. Determination of Sperm Concentration 

A. -Pipette 5 0 ml. of a 2.9 per cent sodium citrate solution into a clean, 
dry absorption cell (test tube). The citrate solution should be brought 
to loom temperature before use. Use pure crystalUne sodium citrate with 
two moletmlcs of water for preparing the citrate solution. Store the 
citrate solution in a refrigerator, and prepare fresh material at least 

a " m ttftw putting in the citrate solution, place 

a cicon, dry rublicr stopper in each test tube. 
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B. Add 0.1 ml. of freshly collected semen to the citrate by means of 
a 0.1 ml. capacity serological pipette. Carefully remove all traces of 
semen from the outside of pipette by wiping it with a clean piece of 
cheesecloth. 

C. Rinse the pipette at least three times by drawing up and discharg- 
ing citrate solution into test tube. Following final rinsing of pipette, blow 
out the last drop while touching the tip of the pipette to the inside of 
the test tube. 

D. Replace rubber stopper and carefully invert diluted sample at 
least five times to insure complete mixing. Do not shake tlie tube, as it 
is important to avoid the formation of air bubbles at tlie surface of the 
liquid. 

E. Adjust the colorimeter to read 100, using a test tube containing 
only the citrate solution. Wipe the surface of the test tube with a clean, 
dry piece of cheesecloth before placing it in the colorimeter. The col- 
orimeter must be adjusted to 100 before each reading. 

F. Place the test tube containing the semen in the sample holder im- 
mediately after mixing, and make the reading. The surface of the sample 
tube also should be wiped with a piece of cheeseclotli. 

G. Record the first stopping point noted in the swing of the galvanom- 
eter, If diflicult}' is encountered in obtaining a reading, remove the sample, 
mix the contents again, and replace the tube in the sample holder. 

H. “Drifting” or a gradual shifting of tlie galvanometer may be en- 
countered. However, the instrument is standardized on the basis of the 
reading procedure described above, and thus it is essential that the first 
stopping point be used as the colorimeter reading. 

I. Refer to Table VI and record the concentration of spermatozoa cor- 
responding to the colorimeter reading. 

III. Notes 

The absorption cells must be carefully cleaned to prevent scratches 
caused by careless handling and brushing. Scratclies on the surface of 
the glass tend to distort the light passing through the sample and re- 
sult in inaccurate readings. 

Do not remove filter holder from instrument wliile light is on.* Full 
illumination striking the galvanometer may result in serious damage. 

If the filter is broken and a replacement is required, the inslnimcnt must 
be rcstandardized. Thus, it is highly advisable to obtain a plastic or 
cloth cover for the instrument at all times. Inspect filler at monthly in- 
tervals and carefully clean, but only if necessary. Consult instruction 
nianual for the proper method of cleaning the filter. 
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Table VI 


Maximum Dilution Levels to Use 'nini Differevt 
Avebaoe Concentrations op Spermatozoa _ 


Concentration, 

Dilution lei el to giie 
in dituted semen 
{millions of sperm) 


Coneenlratum, 

Dilution lexel to giie 
in diluted semen 
(millions of sperm) 

o 

00 

} 

speTtn/c c 
(millions) 

12 

10 

8 

6 

100 

150 

200 

7 9 

11 14 

16 19 

12 

18 

24 

16 

24 

32 

1,450 

1,500 

1,550 

120 

124 

128 

144 

149 

155 

180 

187 

193 

241 

249 

257 

250 

300 

20 24 

24 29 

30 

36 

41 

49 

1,600 

1,650 

132 

136 

159 

164 

199 

205 

266 

274 

350 

28 34 

43 

57 

1,700 

141 

169 

211 

282 

400 

450 

32 39 

36 44 

49 

55 

60 

74 

1,750 

1,800 

145 

149 

174 

179 

218 

224 

299 

500 

550 

41 49 

45 54 

61 

68 

82 

91 

1,850 

153 

184 

230 

307 



1,900 

157 

189 

236 

316 

600 

49 59 

74 

99 

1,950 

161 

194 

243 

324 

650 

53 64 

80 

107 

2,000 

166 

199 

249 

332 

700 

67 69 

86 

116 

2,050 

170 

204 

255 

341 

750 

61 74 

93 

124 




261 

349 

800 

66 79 

99 

132 

2,100 

174 

209 





2,150 

178 

214 

268 

357 

850 

70 84 

105 

141 

2,200 

182 

219 

274 

366 

900 

74 89 

112 

149 

2,250 

186 

224 

280 

374 

950 

78 94 

118 

157 

2,300 

101 

229 

286 

382 

1,000 

82 99 

124 

166 





391 

1,050 

86 104 

130 

174 

2,350 

195 

234 

293 





2,400 

199 

239 

299 

399 

1,100 91 109 

136 

182 

2,450 

203 

244 

305 

407 

1,150 95 114 

143 

191 

2,500 

207 

249 

311 

416 

1,200 99 119 

149 

199 

2,550 

211 

254 

318 

424 

1 ,250 103 124 

155 

207 






1,300 107 129 162 

210 

2,600 

216 

259 

324 

432 





2,650 

220 

264 

330 

441 

1.350 111 134 16S 224 

2,700 

1 224 

269 

336 

449 

1,400 116 139 174 233 
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Other Tests, Another method of gaining some information relating 
to semen quality is to store samples of diluted semen in a refrigerator 
at 35° to 40° F. The samples of good quality should retain their 
motility for 14 or more days, whereas those of low quality will do 
so for a few days only. 

Although not used widely today by artificial breeding organiza- 
tions, several other semen quality tests are employed from time to 
time. These include the methylene blue reduction test (previously 
mentioned), impedance change frequency, the sperm morphology 
count of stained preparations, and the dead-alive staining method. 


HANDLING THE SEMEN 

After obtaining a good collection of semen that has been properly 
protected against cold shock, sunlight, water, or harmful chemical 
agents, the semen should be put in sterile containers and kept cov- 
ered as much as possible. The technician should dilute it immedi- 
ately, especially if it is to be held for longer than two hours. Cool 
by placing the tubes of diluted semen in a beaker of water at 70° F. 
and put in a refrigerator set for a temperature range of 35° to 40° F. 
(2° to 4.5° C.). The rate of cooling will then approximate 5° C. every 
20 minutes. Many cattle breeding organizations now practice air 
cooling of semen by using "walk-in cold rooms,” with satisfactory 
results. 


SEMEN DILUTION 

Dilution expands semen volume so that many cows— sometimes 
400 or more— can be inseminated from a single ejaculate. A good 
diluter also prolongs the life of the sperm. Trials by Swanson and 
White (1956) indicated that when dilution was done within live 
minutes after semen collection and when the temperature of tlie 
diluter was approximately 80° to 90° F., the motility ratings made 
initially and for ten days after storage were significantly higher than 
when the diluter was 60°, 70°, or 100°. Likewise, after freezing, the 
revival rates were higher from the semen that had the 80° to 90° 
diluter. 

The most popular dihiters for bovine semen in recent years have 
been the egg yolk-citrate diluter and the milk diluter. 
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I Milk Diluter Preparation 

(usually made the da\ b< lore use) 

^ Obtoin mdk from a rtputablc creamery or dairy which can supply 
homogenized pasleurized milk, or pasteurized skim milk (bkim 
milk fortified with extra milk solids should be avoided, 
dicated b> the work of Saacke cl a!. 1935 ) Homogenized milk 
containing vitamin D or activated crgosterol is all right 
B Heating of Mtlk 

1 Double Boiler Method i c nr 

a Heat the milk in the top portion of a co\crcd Pyrex gias 
aluminum double boiler to the safe, minimum temperature 
of 198° to 203° F (92° to 95° C ) Remove the thermometer, 
replace the hd, and continue to heat for ten ^ 

b Use thermometer to assure that the mdk has reached 1 
at the start of the ten minute heating period 
c Cool the heated milk approximately to the same tempera 
hire as the semen to be diluted 
d Slowly pour the milk from double boiler, leaving any surface 
scum on the side of the vessel 
2 Direct Heat Method 

a In order to use this system, it should be possible to regulate 
the amount of heat A gas burner, such as a Bunsen burner, 
can be used, or an clectnc hot plate with a rheostatic type 
switch Poor results have been reported with the use of an 
ordinary three speed clectnc hot plate 
b Heat the milk to a temperature of 203° F (95° C ) and 
then reduce the heal so that the temperature is maintained 
at 198° to 2(X1° F Begin the ten minute heating interval 
when the milk has reached a temperature of 198° F 
(^2° C ) 

c A thermometer should be used 

d After coolmg, the surface scum usually will cling to the 
side of the vessel when the boiled milk is transferred to 
other containers If boiling breaks the scum into small 
pieces remove them by filtering the milk through a piece 
of stenle cloth, 

C Comparison of Heatmg Methods 
1 Double Boiler 

a No danger of overheating on boiling too vigorously 
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b. Because the double boiler is covered, there is no danger of 
excessive loss of water by evaporation if the heating interval 
happens to exceed ten minutes. 

c. Unless thermometer is used, the results may be poor due 
to failure to attain the desired temperature. 

2. Direct Heat (open vessel) 

a. Faster heating than with double boiler. 

b. There is danger of losing too much water if heating is too 
rapid or too long. 

D. Precautions and Suggestions 

1. Do not under-heat. Use thermometer and make sure tlie milk 
reaches 198° F. (92° C.). 

2. Do not prolong the heating interval beyond ten minutes when 
an open vessel is used. 

3. Do not add unheated milk to the heated milk to be used as 
a semen diluter, as relatively small amounts exert harmful 
effects. 

4. Add penicillin, streptomycin, and coal tar dyes— if used, after 
the milk has been heated and cooled. The antibiotics aid in 
milk preservation. 

5. The penicillin and streptomycin can be dissolved with heated 
milk rather than with sodium citrate buffer solution. 

6. Milk can be heated prior to use and stored in a refrigerator. 

II. Milk— 10 Per Cent Glycerol Diluter Preparation 

A. Dilute the semen ejaculate to one-half tlie final desired volume, 
either \vith fresh heated skim milk or homogenized milk contain- 
ing the antibiotics. 

B. Cool to 40° F. over a period of one and one-half to two hours. 
(Some operators prefer to cool the semen in bulk instead of in 
the shipping test tubes.) 

C. Add an equal volume of cooled (40° F.) milk diluter having 20 
per cent glycerol by volume. For best sperm livabilit>' this is done 
stepwise, first 20 per cent, second 30 per cent, and finally 50 per 
cent of the total volume of milk— 20 per cent glycerol in three 
stages at tcn-minulc intcr\'als. The addition of this milk— 20 per 
cent glycerol fraction can also be made dropwise in a cold room 
during the cooling process by using a separator)' funnel. 

D. The tlihiled semen now has 10 per cent glycerol by vohtmo. Pour 
it into test tubes and pack for shipment, since no equilibrating is 
needed as in freezing semen. 

iVofe; For best fertility: (a) Ship and store (lifs diluted semen 
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viak and tubes con.nletely fllled to protect against a^taton 
and aeration (b) Carry the semen on the road only one day. 
Leave remaining supply in filled tubes in tbe 
sequent days, (c) Maintain a uniform storage temperatu 


tween 35® and 40® F 

Egg Yolk-Citbate Diluter Prepabation 

This diluter, devised by Salisbury et al. (1941), 


is prepared as 


A. Dissolve 29 gm. of crystalline sodium citrate i y 
(Na 3 CeH 50 ,. 2 H 20 ) in 100 ml. of distilled water over glass. 

B. Prepare the required volume of egg yolk from freshest eggs a 
washing them and then soaking them in 70 per eent-ethy a c 
for five minutes, and then dry before breaking the shell. 

C. Using aseptic precaution, remove all egg white from aroun 
yolk, puncture the yolk membrane, and allow the yo to 
into a sterile glass container. 

D. To prepare 50 ml. of the diluter, mix together 4 parts by voium 
of the citrate buffer and 1 part of the egg yolk. 


Modifications of these diluters have been used lately, frequent y 
with profitable results. According to a 1958 survey of 58 breeding or- 
ganizations in the United States, 60 per cent were using milk as a 
or a part of their work of dilution. Of these, 16 reported milk-glycerol, 
13 milk only, and 6 milk-egg yolk-citrate. There were 16 that used 
egg yolk-citrate, 6 the egg yolk-citrate-glycerol, and 1 an unnamed 
diluter. Almquist (1954) reported little difference between egg yolk- 
citrate and heated milk (both with antibiotics) as diluters for semen 
from high fertility bulls. However, in the case of semen from bulls 
of relatively low fertility, the semen containing heated milk usually 
showed a higher fertility rate. 

Of special significance was the evolving of the milk-glycerol di- 
lutcr. Its increasing use was prompted largely by the observations 
by McLean (1956) and by Flipse and Almquist (1956). McLean 
found that the adding of glycerol, either to egg yolk-citrate or to 
heated homogenized whole milk, prolonged the life of bull sperm- 
Flipse and Almquist noted that glycerol at the 5 per cent level, as 
rompared to 2.5 per cent, resulted in markedly higher sperm motility 
in stored semen when either was added to a diluter of egg yo^k- 
glyane. A little later, Almquist (1957) reported the satisfactory 
maintaining of fertility of bull sperm for at least four days through 
the use of the milk-glycerol diluter. With this diluter and twice-a- 
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week collections from all serviceable bulls of a stud, the chief ad- 
vantages are: (1) Selected matings are nearly always possible be- 
cause of choice of sires. (2) Fewer sires are required. (3) Faster 
proving of young sires is practiced. (4) Labor and certain other 
costs are reduced. The system of frozen semen possesses these same 
advantages plus some others, but it is more expensive to operate. 

Diluter Improvement. Investigators continue assiduously the task 
of improving the better-known, more commonly used diluters for 
bovine semen and of evolving new ones. Foote et al. (1958) com- 
pared a diluter, CUE; witli a 50 per cent egg yolk-citrate control. 
CUE consisted of 1 part of yolk to 4 parts of a pn-adjusted buffer 
that contained 1.45 per cent sodium citrate, 0.21 per cent sodium 
bicarbonate, 0.04 per cent potassium chloride, 0.30 per cent glucose, 
and 0.937 per cent glycine. The diluter contained sulfanilamide, 
penieillin, and dihydrostreptomyein. For one-day-old semen the 60- 
to 90-day non-return rates were practieally equal, but for tsvo-day- 
old semen, the figure for CUE was 75 per eent and for the control 71 
per cent. 

VanDemark and Sharma (1957) evolved the IVT (Illini Variable 
Temperature) diluent into which CO 2 is incorporated. The diluted 
material is then sealed hermetically in ampoules and stored in a 
dark room at temperatures from 65° to 80° F. Preliminary results in- 
dicated a rather good fertility rate for six to seven days. Later Van- 
Demark and Bartlett (1958) reported that when the sodium bi- 
carbonate level was raised, semen stored al 40° F. showed a motility 
decrease from 71 to 63 per cent, only, in 20 days. With extra glucose, 
egg yolk, and added catalase in the IVT diluter, one- to seven-day- 
old semen yielded 10 to 20 per cent higher 60-day non-return rates 
over those in the earlier large-scale trials. Albright et al. (1958) re- 
ported milk as a diluter superior to sodium citrate when washed 
sperm, plasma removed sperm, and whole semen were involved. Tlie 
eombination of milk and seminal plasma surpassed that of sodium 
citrate and tlie plasma as a substrate for the maintenance of sperm 
motility. Roy and Bishop (1934) and Saha and Singh (1958) ob- 
tained a significantly longer maintenance of good motility by means 
of glycine-containing diluters than by egg yolk-citralc, the control. 

Dilution Rate (Insemination Dose). It is of m.ajor importance that 
semen be diluted in proportion to the number of progressively motile 
sperm per cubic centimeter of semen. To e.vpand bull power it is 
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essential that as few sperm as I’® 

consistent with a satisfactory rate of P^®f ’‘"rf^d.cate 

been made toward this goal Willett and ™ 

that snerm numbers take precedence over dilution eltect i 

fluencing fertility m dilutions at 1 ITO and ^tfgverages 

non return rates was no longer significant when those ra g ^ 

were adjusted to the identical sperm numbers by ® 

bury and Bratton (1948) made dilutions as high as 1 400 w ‘to 
markedly reducing fertility, and they suggested 5 to 10 tnilho p ^ 

per insemination as the minimum Olds cf fli (19 d 3) reduc P 

numbers from 48 to 4 million per insemination without si^i c y 
affecting fertility, hut 12 million and more gave a l'«le better r 
suits Using motile sperm concentrations of 5, 10, ^ 

sperm per cc (insemination), Bratton cf fli (1954) studie ® 
suits witH 12,558 first services The fertility rate was ^ 

same with the two highest concentrations but fell from 70 " 
per cent when motile sperm numbers were reduced from 10 o 
million per insemination In most parts of the world the average 
dosage of 1 c c of diluted semen seems to be the standard for cows, 
with a probable range of 0 5 to 1 5 c c In the trial by Olds et a 
dosages of 0 25, 05, 10, and 20 cc, containing 16 or 24 million 
sperm, produced pregnancy rates without significant differences 
For use in liquid form at least 10 million motile sperm per ml o 
diluted semen is recommended Semen for freezing should have a 


80 to 35 per cent heavier concentration 

Antihiofics. All semen contains varying numbers of bacteria at 
lime of collection, sometimes m the hundreds of thousands The addi- 
tion of antibiotics is an effective measure, both to control bacterial 
growth and to increase the conception rate of some of the bulls of 
lower fertility Research has revealed it is sound procedure to use 
1,000 units of penicillin and 1,000 units or micrograms of strepto- 
mycin per milliliter of diluted semen Satisfactory types are crystal- 
line potassium penicillin "G" and dihydrostreptomycin sulfate If 
only one of these antibiotics is to be used, the streptomycin is pref- 
erable, hut an effort should Ikj made to use both It is best to add the 
antibiotics to the dihiter pnor to combining it with the semen Un- 
used portions of streptomycin can ho stored in the refrigerator for 
14 day s without detenoration and the penicillin for 7 days 
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Storing Liquid Semen. The optimum storage temperature for 
liquid bull semen is approximately 35° F., but 38° to 40° F. is easier 
to achieve. The 40° F. point should be considered the upper hmit. 
At such holdings the bacterial growth is kept at a minimum. Sperm 
survival and duration of motility are not effected by the settling out 
of seminal plasma or egg yolk during storage, but a diluted sample 
should always be gently mixed befoie evaluation and also just prior 
to use for insemination. 

Coloring Semen for Breed Identification. The semen of bulls of 
different breeds cannot be distinguished by any characteristic of the 
semen itself. Hence in the important work of identification, breeding 
organizations now add coal tar food colors. This procedure, as re- 
ported by Almquist ( 1946 ), does not affect the livability and fertility 
of the sperm. Colors generally in use in the United States as recom- 
mended by the National Association of Artificial Breeders are: 

Ayrshire— Purple Holstein— Green 

Brown Swiss— Brown Jersey-Red 

Guernsey— Yellow Beef Breeds— Orange, White, 

Blue, etc. 

INSEMINATION Or COW 

The syringe, now generally the plastic bulb type instead of glass, is 
connected with a 16-inch plastic or glass tube having an outside 
diameter of 6 mm. and an inside diameter of 1 mm. For heifers one 
with an outside diameter of 5 mm. is preferable. The plastic variety 
is more popular because it bends without breaking, and the price is 
so low that it is discarded after one use, thus saving labor. 

There are two chief methods for the insemination of cows. They 
are the rectovaginal, or cervical fixation, method and the speculum 
method. Since 1940 the former has rapidly replaced the latter. 

The Rectovaginal Method. The principal steps for the technician 
are: (1) Wear obstetrical clean rubber or plastic glove and sleeve 
On right arm. (2) Adjust bulb or syringe to the inseminating tube 
and draw in 1 ml. of semen. (3) Hold this loaded equipment tem- 
porarily in horizontal position in mouth. (4) Lubricate glove and 
sleeve with soap and water. (5 ) Carefully insert the hand and arm 
into the rectum for removal of the feces. ( 6 ) Clean the exterior of the 
vulva with cotton or i>aper towel, and the inside edges of the lips of 
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the vulva with clean cotton (7) With left hand, insert tube into the 
vulva as far as possible without touching the side wails. (8) Avoid 
urethra by passing the tube along the top of vagina as far as the 
cervix. (9) With right hand m rectum, press down on the rectal wall, 
grasp the cervix, and with the aid of the little finger and thumb 
around its posterior end, guide the lube into the os uteri. (10) Com- 
bine gentle pressure of the tube with manipulation of the cervix 
until the desired penetration is obtained. (11) Deposit the semen 
in the mid-cervix, or in the hody of the uterus. 

The Speculum Method. The other method of insemination some- 
times used involves the glass or metal speculum. This equipment 
is lubricated aseptically and carefully inserted in the vagina (see 
Figures 23 and 24), After the cervix has been located with the aid 
of a flashlight, the inseminating lube can be inserted into the os uteri 
or posterior part of the cervical canal at an average of 1 to 3 cm. 

By the rectovaginal method the skillful technician can implant the 
semen more deeply in the mid-cervix or into the uterus, and the 
necessity of disinfecting the speculum between cows is obviated. 
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the cervix of the cow The stimulation resulting either trom 

or natural insemination induces the release o ^ je- 

pituitary gland, and this in turn causes uterine ^ “ .g, 

Llting rapid transport of the sperm. common 

studied the comparative effectiveness of Ae three mo 
sites of deposition of the semen in the artificial P ^ 

with cows, based on non-returns 60 to 90 days ^ter 

The sites, the average fertility results, and the number of fi 

involved were: (1) Cervix, 64.7 per cent for 6,796 
Body of Uterus, 65.6 per cent for 6,603 services, and (3) ^ . 

Uterus, 66.3 per cent for 6,643 services. Stewart and Mekose { 
gathered data on two sites as follows: (1) Mid-cervix, 64 ® 
for 4,279 services, and (2) Body of Uterus, 64.6 per cent for 4,^ 
services. The difference in these various figures was not si^gnin • 
The other factors to remember in deciding the site of deposi lo 
are the hazard of pregnancy interruption and uterine infection, 
early as 1943, Donald reported a study in which 3 to 6 per cent o 
pregnant cows manifested estrus and that it usually occurred in 6 
first 90 days after conception. This was later confirmed by Dono o 
and Rickard (1953). Since antibiotics have become a part of 
lically all semen diluters for the cattle program around the worl , 
numerous technicians, as previously stated, deposit half or more 
the semen in the uterine body and the remainder in mid-cervix ^ 
first insemination. For repeat services the chosen site is the nua- 
cervix for all of the semen. The work of VanDemark et dl. (19o2) 
indicated pregnancy interruption when semen without antibiotics 
was placed into the uterus, but intracervical insemination could be 


practiced wthout danger. Tanabe et al (1955) discovered that bac- 
teria played a major role in pregnancy interruption when semen 
free of antibiotics was deposited into the uterus, and that manj 
tj’pes of organisms were present in the uterus of the cow slaughtered 
6 to 15 days thereafter. With antibiotics present, the bacteria were 
few if any. In pregnano’ interruption the mechanical factor ^^■as 
minor. Some day the technicians advocating the different points of 
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deposition may agree upon a standardized procedure, based on addi- 
tional data from research specialists. 


EFFICIENT BHEEDINC IN DAmY COWS 

A study by Asdell ( 1957) revealed that faulty management by the 
cattle owners was the major cause of unsatisfactory conception rates. 
Part of his data is based on a survey of 19,000 cows in artificial breed- 
ing organizations. This study supported the contention tliat cows first 
noticed in heat in the morning should be bred on the afternoon of 
that day, and those first showing heat in the afternoon or evening 
should be bred the next morning. The inquiry also showed that 21 
per cent of the cows were inseminated before the expiration of 60 
days after calving, and 37 per cent sooner than 70 days— this despite 
the fact that much publicity has long been given to the point that 
the optimum period for conception is between 70 and 90 days after 
freshening. 

Some of the other weaknesses in management include failure to 
detect heat, especially in winter, the keeping of inadequate breeding 
records, failure in having regular e.xaminations for pregnancy, and 
neglecting to call the veterinarian for early treatment of cows af- 
flicted 'with breeding troubles. The discussion below has a bearing 
on these and other factors: 

Time of Insemination. Every day thousands of cows are bred at 
different stages of heat, some according to plan and others witliout 
calculation. The highest rate of conception from single services is 
reportedly obtained when they are bred in the middle or latter half 
of the heat period. Theoretically this is correct, but in recent years 
tile conception rate being obtained by those technicians who in- 
seminate the cows on the basis of travel time and without regard to 
the reported time of onset of heat has been surprisingly good. In 
fact the resulting non-returns frequently approximate those of the 
men who adhere to the orthodox rule. The factors responsible could 
include the several hours of latitude available in relation to omla- 
lion and insemination, greater accuracy in the reporting of onset of 
heat by the cattle owners, and decided improvements in the tech- 
niques of processing, preserving, and using the semen. 

Ovulation, the discharge of the egg from the ovary, ocairs ap- 
proximately 12 hours after the end of heal. In a breeding ex|ierinient 
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by the Nebraska Experiment Station (Trimberger and Darns, 1943) 
295 dairy cows and heifers were inseminated at various stages of 
heat to determine the effect of time of service upon conception. The 
results, expressed as percentages of conception from a single in- 
semination, were as follows; start of heat, 44; middle of heat, 82.5; 
end of heat, 75; 6 hours after heat, 62.5; 12 hours after heat, 32; 18 
hours after heat, 28; 24 hours after heat, 12; 36 hours after heat, 8; 
48 hours after heat, none. 

By determining ovulation through rectal palpation of the ovaries 
every two hours, Trimberger (1948) was able to gauge the effect 
of inseminations at different intervals before and after ovulation. 
The results were: 



Per cent 

Insemination time interval 

conception rate 

6 to 24 hours before ovulation 

79 

6 hours or less before ovulation 

57 

More than 24 hours before ovulation 

53 

12 hours or less after oMiIation 

32 


The best time for insemination must be based on the time when 
heat begins or is first noticed because the occurrence of ovulation 
cannot be exactly predicted. 

The approximate range in the heat period of cows is from 3 to 28 
hours and averages about 18 hours. It varies widely with different 
oows, but each cow will usually have about the same length of period 
every year. Most cows, however, have somewhat longer heat periods 
during the natural breeding season, when the days are long and the 
environment is favorable, than in the other seasons of the year. 

Two inseminations of cows in one heat period, 10 to 2*1 hours apart, 
ere sometimes advisable, but because of the extra time and cost 
involved, it is seldom practicable under the conditions existing in an 
artificial breeding organization. Cows showing abnormal discharge 
should not be bred. A bloody discharge on the rear of the anim.al 
shows that ovulation has occurred. It Ircars no relation to conception. 
Cows do not menstniatc. Antnip and Ilasbcch (1953) reported that 
when 293 cows were inseminated in the hemorrhagic pcriorl nl)Out 
48 hours after the end of heat, 87 (29.G9 per cent) conccivcri. Tlie 
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autho. ^ “ 

affording confirming intormation on the pro ) ^ figures 

time between eab.mu and the first service i„ 

(Table VII) Iron. ILdwards (1951) are from breeding 
England and Wales. 


T*BLr VII. CJoNCEPTios Rates is Relation to 
isTEnVAL BEn\'EES Calyisc and Fiict Seumce 


Intenal leftrten caking 
and first serrice (day%) 

xYum5<T 

of 

eotca 

Per cent of coicx 
conceiting from 
first service 

0-30 

290 

48.3 

-GO 

2,012 

C2.5 

-90 

4,431 

73.1 

-120 

3,0C8 

71.5 

-150 

l,2Go 

73.4 

-180 

619 

G9.7 


Breeding in Irregular Heat Periods. A good many cows re urn ^ 
estrus at inten-als that vary widely from the expected 21-day peno ^ 
Some breeders believe the chance of conception in such instances i 
so slight that the effort is not worthwhile. Available data show t a 
this is not the case. Moeller and VanDemark (1951) gathered m 
formation on 4,883 cows in the Southern Illinois Breeding 
tion, revealing the time interval beUveen two consecutive 
inseminations: for 3,173 cows behveen first and second, and I,/!-- 
cows between second and third. Four per cent of the returns for ser\'- 
ice were between 2 and 17 days, 8 per cent between 26 and 35 days, 
21 between 36 and 50 days, and 11 per cent between 51 and 72 da>s 
after the first insemination. Within a large population the rebrecding 
of apparently normal cows,.Tegardless of time lapse after previous 
insemination, is likely to result in an increase of approximately 20 
per cent in cows settled in any one estrus. 

Health of Cow. Both a fertile cow and fertile bull are necessary' 
to conception. WTien an outbreak of sterility occurs in a herd, the 
owner is usually inclined to blame the sire. Any disease of the repro- 
ductive mgans of the cow, as well as of those of the bull, increases 
the number of inseminations required, or may spell sterility alto- 
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gether. There are still plenty of problems of herd health to challenge 
the cattle orrmer, veterinarian, breeding technician, and investigator. 
Tanabe and Casida ( 1949 ) found a 65.1 per cent einbrj'onic death 
rate rvithin the first 34 days after pregnancy in tlieir study of 104 
repeatedly bred but apparently normal cows. Tanabe and Almquist 
( 1953 ) discovered an embryonic death rate of 54.1 per cent between 
3 and 30 days in an experiment with 200 repeat breeding heifers. 

Crossbreeding repeat breeders, tliat is, using a bull of another 
breed on a hard breeding cow, does not increase the conception rate. 
In a study of 6,509 cows. Olds and Seatli (1950) noted tliat their 
breeding efficiency could not be well predicted on the basis of previ- 
ous conception rate. Approximately only one of ten herds that were 
hard breeding one year continued to be a trouble-maker the next. 
Dunbar and Henderson (1950) have reported the heritability of 
fertility in dairy cattle to be near zero. 

Barrett et al. (1948) discovered that the conception rate based 
on 60 to 90-day non-retunis to service was approximately 5.5 per 
cent higher tlian the rate based on actual pregnancy examinations. 
According to carefully gathered reports, about 10 per cent of the 
cows of nearly all herds give evidence of breeding trouble at some 
given time. Routine pregnancy examinations and veterinat)’ treat- 
ment for hard breeding cows pay dividends. 

Nutrition. Nutritional deficiences are sometimes considered the 
cause of low conception. An answer to the question of the possible 
relationship between nutrition and fertility in cattle is being at- 
tempted through a long-range regional project in the United States. 
The different levels of energy intake, the variation in quality and 
amount of protein, and the role of trace minerals on the fertility of 
male and female are e.xamirlcs of factors being evalirated. The report 
of Bratton (1957) on a study of the results to date iirdicates no 
grounds for the earlier opinion that fertility may be badly alfeetcd, 
cither by arr tittusually low or by an unusually high irrtake of feed 
nutrients irr the period of early growth of the animals. A siirtilar 
conehtsion is also cited svith reference to dairy cow rations losv in 
trace minerals, turd to yoitng bitll rations with vatyiitg qiiitlitics of 
protciir. The trials, howeser, have clearly showir that wheit the 
irutrieirt consiurrption is so low ns to sliiitl growth and ttormal devel- 
opment, the iiritiation of the reproductive function is retarded. 

Age of Coin. Virgiit heifers require more services, irrtifici.il or 
rratrrral, otr the avcrrrge, than older <i)ss-.s. Yet irr sotrre herils the fertil- 
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ity of the heifers is satisfactory'. Most successful breeders avoid a high 
condition of flesh in all heifers of breeding age. The highest rate of 
conception in dairy cow's usually occurs from the third to the sixth 
pregnancy. Studies with beef cows show that fertility is generally 
lowest at four years and highest at nine years of age. 

Age of Semen. In the interest of breeding efficiency, the age of 
liquid semen should be carefully noted before use. It can be used 
profitably up to four or five days of age if processed according to the 
methods previously outlined. The maximum age at which bovine 
semen properly frozen and stored can be satisfactorily utilized has 
not been finally reported. 

Mixed Semen. Trials by Campbell and Jalfe (1958) revealed that 
the mixing of semen from several bulls did not improve semen 
quality— contrary to a belief in some areas of the world. In fact 83 
of 104 mixed samples had a motility score less than that for the best 
individual constituent sample. 
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Figure 26 Uniformly superior daughters of a noted proved Holstein sire# Oakcrest 
Roburke Dean (Courtesy Amerieon Breeders Service ) 

5. If a cow does not show heat so that she can be bred at the time 
planned, have her examined promptly by a veterinarian Any cow 
which has been fresh 80 days without indicating heat should be re- 
ported to the veterinarian so that he can induce estnis Early diag- 
nosis and treatment of breeding troubles are extremely important 
6 Avoid service dunng the first six hours of heat Cows fine ob- 
served in heat in the morning must be bred tlie same day for good 
results. If bred the next day, results may drop as low as 30 per cent 
for conception from the first service Cows first observed in heat in 
the afternoon and which definitely were not in heat in tlie morning 
should be bred the next forenoon. For artificial breeding organiza- 
tions such females are reported as "p.m.” cows. The following time 
table should be followed for best results in breeding daily cows 
artificially: 


Heat fir^t otf^rrird 

In tlir mominK 
Afternoon nr ey 


IPAtn to breed 


'Hie Mine <In\ 
TorenooM nr*\t tliv 


'Hic next <!nv 
After innhJle 
of nfiemotm 
tJir iiftt dtv 
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7 A supplementary rule to 6 is that dainj £ 

not later tL 10 hours aft. r the cud of heat. Tl'J 'engrt. ot heat 
ranees from 3 to 28 hours and averages 18 hours. Ilowcve , I 
cent of the females are m heat from 10 to 24 
IS important because the sperm cells live only fronri 2 
in the cow. The egg ,s usually released between 7 to 14 hours aftc 
the end of estrus, and it remoirw ferlilc only a few 

8 If a cow does not conceive from the first three scrvic , 
breed her again until she has been examined by • 

sexual rest period without scrvdcc often aids conception. Bree ag. 

when her genital organs are m good condition. 

9. Breed females to a fertile sire when they arc normal, nea y, 
and ready to be bred. Examination by a veterinarian may be r - 
quired to determine both of these conditions. Both sires an 
have different levels of fertility. As fertility in one sex decreases, i 
fertility in the opposite sex becomes of greater importance. As e 
males decrease in fertility, the most fertile bull available, w le ler 
in natural or artificial breeding, should be used in the effort to obtain 
the desired conception. 

10. Since heifers are often more difficult to get with calf than 
older cows, it is recommended that they be given large amounts o 
high-quality roughage and otherwise be permitted a health-promot- 


ing environment. 

11. Dry cows off 60 days before calving and have them in goo 
physical condition at time of calving. 

12, Maintain sound reproductive health in cows by providing the 
following* mineral box with needed minerals, plenty of exercise, 
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HEAT PEMOD DETECTION 

Certain owners and herd managers are much keener at this than 
are some others. The cow with tlie “quiet” heat is the trouble-maker. 
The chief signs of heat in cows and heifers are these: 

1. Standing still while the odier cattle ride tliem— usually a sure 
indication. 

2. Riding other cattle— although cows not in heat will frequently 
ride those that are in heat and the cow with “quiet” heat will do 
little or no riding. 

3. Bellowing and nervousness and attempting to ride the animal in 
the adjoining stall. Beaching toward other cows or herdsman. 

4. Clear, watery secretions from the vagina. 

5. Some hair on tailhead and rump usually rulHed and rubbed off. 

6. Decrease in appetite, and irregular milk production, usually a 
decrease. 


A HEASONABUE CONCEPTION RATE 

What rate of conception should be expected in well managed 
dairy herds? Perhaps as good an answer as any is afforded by a breed- 
ing analysis of the SOO-cow herd at the Clemson Agricultural College 
in South Carolina (Herman, 1939). The rate of conception is based 
on pregnancy diagnosis after artificial insemination. The results 
covered the txvo-year period from 1933 to 1937 and were as follows: 

1. Of the 660 cows inseminated, 391 (90 per cent) finally became 
pregnant. 

2. Fifty-six per cent of all cows became pregnant on first scrx’ice. 

3. Following second scivice, 74 per cent of all cows were preg- 
nant. 

4. Following third service, SI per cent of all cows were pregnant. 

5. The average number of services for obscived pregnancies was 
2.0. A few cows were given foiirtli and fifth services, and still fewer 
were inseminated up to nine times. 

6. Contrao’ to some evidence in other sun-cys, llie rale for llie 
316 heifers excelled slightly that of the cows, l>cing 1.9 sorx-ices per 
pregnancy. The total per cent In-coniing pregnant was 97. Txso per 
cent of the others were adjudged infertile. 
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7 Two per cent of the cows that failed to conceive were sold as 

stenle The others were disposed of for various tenons 

The above results are good for so large a herd i 
svell pleased when 85 to 90 per cent of their cows are in caH afte 
three services Almost invanahly some cows 
fifth service It is not usually considered economical 
the fifth Many owners resort to exammation by a setermaria 
the results are negative after third service 
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Buffaloes 


P. BHATTACHARYA 


The domestic buffalo native to the East {Buhalus bubaJis, ^ 
Bos bubalis) and the domestic cattle of Europe and America (, 
indicus and Bos fourus) have similar utility to mankind, yet e 
former has received much less attention, and as a consequence 
comparatively httle information on buffaloes is available in ^ 6 
literature. Publication on artificial insemination in buffaloes is in 
deed extremely meager. As so little is known about the buffalo ou 
side its habitat, some information on its geographical distribution, 
importance in agricultural economy, potentiality of development 
and so on, is ^ven here before discussing artificial insemination an 
related matters in this species, for these have some bearing on the 
organizational aspects of artificial breeding. , 

There are %vild and domesticated buffaloes, and the domesticate 
ones may be classified in two main categories: the swamp buffalo 
and the river buffalo. Though these two types belong to the same 
species, their habits are very different, and they cannot be crossed 
with advantage. There is no authentic information about the buf- 
falo being successfully bred with other animals of the same genus, 
and many believe that this cannot be done. This peculiarity of th® 
buffalo precludes the possibility of introduction of desirable genetic 
characters in this species from other members of the same genus, 
such as bison, yak. gayal, dair>% or beef bull. 

In contrast ssith cattle, which are distributed all over the globe, 
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figure 27. A long horned femole buffolo of the Pondhorpurl breed, India 

the domestic buffalo is to be found only over certain regions of the 
earth: in the Far East, Middle East, and in a few countries of 
Soutliem Europe. 

The world population of domestic buffalo is 70 million, as com- 
pared witli 541 milUon cattle (FAO, 1947). but they contribute a 
great deal to die agricultural economy of the areas where tliey 
abound. Like cattle, buffaloes are useful for milk, work, and meat. 
The relative importance attached to these qualities, however, differs 

^™in Into, d Jre are 48 milhon domestic buffaloes of the river tj-pe- 
the largest concentration of buffalo for any one country. These are 
greatly valued as dairy and work animals. Of the total milk produc- 
tion in the country. 55 9 per cent <mmes from the buffalo, though 
diey constitute only 30 per cent of die milch cattle. The Indian 
buLo, on an average, produces 1,100 lb. of milk m a lactation a 
d 'ith 413 lb. for tlie Indian cow. Tlic Murrah breed or 
tt.ffVIn'^nroduces 3,000 to 5,000 lb. of milk during a lactation period 
of nine 'to ten months, and individuals >'ielding 10,000 lb. of milk 
or more are not uncommon (Phillips, 1949). The fat content of 
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buffalo milk is much h.ghcr than that of cow’s mi^ “ 

6 to 7 per cent fat, as compared with 4 to 5 per cen „ui,tries 

In Malaya, Singapore, the Philippines and several other ^untn 
in the Far East, swamp buffaloes exist m good numbers, ihey “ 
poor rimers bJt are liable animals for haulage and e— om 
Their large feet, slow movement, and heavy draft cap Jy 
them particularly suited for paddy cultivation rn swampy, water 
logged rice fields The quality of buffalo meat is not as good as tnar 


In the Middle East, where only the river buffalo is availab , 
animals are valued for all the three purposes, milk, wor^ and ^ 
In the countries of Southern Europe only river-type bullaloes a 
available; they are mostly used for milk, and only in a limite way 
work or for coarse meat. 

With good pasture grass and with adequate concenUa es, 
are more efficient and economic producers of milk and » 
the buffalo has some characteristics that make it more suitable a 
economical under many conditions of underdeveloped agricu ui 
economy. The buffalo is not discriminating in foraging and can t v 
with a minimum of attention. It can produce even when k^t on 
coarse pasture and other rou^ages, such as sedge, reed, bush, an 
forest growth of the tropics. The stock owners in these regions mam 
tain buffaloes, not from ignorance of the possibilities of other cat , 
but because they find that in the prevailing agricultural situation 
no other domestic animal will thrive like the buffalo and be so 
econonucal. There is no doubt that for a long time to come the 
domestic buffalo wU continue to have a very important position m 
the agrarian economy of these areas; and, therefore, every attempt 
to improve the quality of these animals should be made so that they 
w’ill be more valuable. There is a great deal of genetic variabili^ 
in the existing stock of domestic buffaloes, and this offers a ^viae 
scope for selection and improvement. Application of artificial in- 
semination can play a significant role in facilitating and accelerating 
the process of development. 

In many ways, the physiology of reproduction of the buffalo is 
similar to that of the bull, yet in several aspects of the reproductive 
phenomenon the two species differ. To achieve best results, the 
lmo^^ledge of artificial insemination gathered from the bull cannot, 
therefore, be applied in the buffalo without some modifications. 



Buffaloes 

In this chapter an attempt has been made to bring out, from the 
existing knowledge, the points of difference between the two species, 
ratlier than deal with different aspects of artificial insemination in 
detail. 


ANATOMY OF THE REPRODUCTINT: ORGANS 

Male. The external genitalia of the male buffalo are similar to 
those of the bull. In the buffalo of the river type, the penis hangs 
in a six- to twelve-inch pendulous sheath formed by a triangular 
fold of skin extending from the umbilicus backwards, in much the 
same way as in Zebu cattle. The swamp buffalo has the penis con- 
tained in a sheath which adheres close to the body except at the 
umbilical end, where it hangs free by an inch or so, as in European 
cattle. In the buffalo, there is no tuft of hair at the preputial opening. 

The scrotum in the swamp buffalo is small, being only about four 
inches when fully extended and has no constriction near tlie attac i- 
ment to the abdominal wall. In the river buffalo, the scrotum^ is 
larger, with a distinct neck, but even so it is much smaller in size 
than the scrotum of a bull of similar size. 

According to MacGregor (1941), the testicles descend in t e 
scrotum when the buffalo calf is about six months old, but in the 
Murrah buffalo the writer has observed the presence of testicles 
in the scrotum at birth. The testicles hang in the scrotum wit t e 
long axes perpendicular to the body when relaxed, but when diawn 
up close to the body by the cremaster muscles, the long axes assume 
the anteroposterior position. The fully developed testicle of a mature 
buffalo bull is about half the size of that of a mature bull of European 
breed. On histological examination the lumen of the seminiferous 
tubules in the buffalo has been found to be even smaller than that in 
the ram or the goat ( Mukherjce et ok, 1957 ) . 

The seminal vesicles are also relatively smaller in size in the 
buffalo than in the bull. 

FctnaJc. The female genitalia of swamp and river buffaloes are 
similar and resemble those of the dairy or beef cow (MacGregor, 
1941). Folding and Lall (1945) made comparative studies on the 
genitalia of Indian female buffaloes and Zebu cows and obscrs'cd 
that the utenis of the buffalo is larger and more tiirgid than that of 
the cow. The ovaries of the cows aic mottled and freely mobile in a 
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loose attachment, but the buffalo ovaries are more tightly secure^ 
The Fallopian tubes of the buffalo are more deeply involved m 
broad ligament than those of the cow and are also coarser m ap 


The uterus of the Zebu is cream colored and faintly tinge m ^ 
pink in the young animal and yellowish like old ivory in o ^ er an 
mals The buffalo uterus is whiter and stippled with superficial vei 
not obvious m the cow. . , 

The corpus luteum in the buffalo has a pinkish grey color veineu 
with red, which fades during the regressing phase. At no time dunng 
the cycle does the luteal tissue usually attain a yellowish ue. s 
the corpus luteum regresses the red veining disappears, an le 
whole tissue turns white and sinks into the stroma of the ovary. 


MALE BEHAVIOR 

It is generally believed that even with good nutrition and 
agement the buffalo attains sexual maturity later than the bull. T e 
buffalo bull usually starts mounting the female at two years of age 
but fails to serve successfully because of small size. The average 
age at first service for buffalo bulls m Egypt is 37 years (El-Itriby 
and Asker, 1957). In India the bull is put to service at about the 
same age. Spermatogenesis, however, begins much earlier in this 
species, and meiotic division of the spermatogonial cells lining the 
seminiferous tubules has been observed in the Indian buffalo at the 
age of one year (Diitt and Bhattacharya, 1952). It is likely that the 
development of spermatozoa begins even earlier. 

The buffalo bull is more easily trained to serve the artificial vagina 
than the bull; any will serre at the first attempt. The buffalo bull is 
also less discriminating with respect to the teaser and is more likely 
to mount an anestrous female or a male placed in the service crate. 
Prabhu (1956) noticed that the reaction time, the period between 
the approach of the bull to the animal in the crate and ejaculation in 
the artificial vagina, was shorter when a male rather than a buffalo 
cow was used as a decoy. There was no correlation between reac- 
tion time and the semen quality. The stage of estrus of the female 
buffalo did not influence the reaction time (Prabhu and Bhat- 
tacbar>'a, 1951; Prabhu, 1956).Theie is, however, a breed difference, 



Figure 2$ Tht$ water buffalo cow of Egypt is o good typical specimen, showing con 
sideroble dairy character At the time this picture was taken she was near the end 
of her lactation period, but she has one yearly record of 8 000 lb of milk with an 
overage butterfat content of 7 5 per cent This is on extraordinary record, but 
through a well organized program of selection and artificial breeding the germ 
pfasma of such cows can be muftiphed to great advantage 

and bulls of some breeds of buffaloes are relatively slow in serving 
The tlmist given by the buffalo bull at service is much less forceful 
than that of the bull 

SEMEN COLLECrriOV 

The Artificial Vagina. The buffalo bull readily senses tlio arh- 
ficial \ agina, and this is the simplest and best method of collecting 
semen from tins species Either the long (20 to 22-incb) or the short 
(14 to 16-mch) \agma can be used Tlie short \agina is, ho\sc\cr, 
preferable as it is easier to handle and results in less wastage of 
semen The method of preparation of the \ agina and the technique 
of collection are the same for the bull and the buffalo 

The Massage Technique. Collection of semen from the buffalo by 
the massage technique is possible, but it is comparativch more 
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difficult It appears that the buffalo is less responsive and requires 
atonger perfod of tra.ning than the bull to donate semen by thrs 
method. Failures are not uncommon. Collections ^ ^ 

in volume and sperm concentration and higher m P” ' 

collected in the artificial vagina (Gajjan Singh et al, Moaf. 


SE^^EN CHARACTERISTICS 


Semen of healthy buffalo bulls, like that of the bull, is opaque 
milky white, or yellowish milky in color, and its consistency may 
either thick or thin depending on the concentration of sperma ozoa 
(Shukla and Bhattacharya, 1949; Veeramani Ayyar, 1944). 

The spermatozoa of the buffalo are more rectangular 
of the bull, and the pale, stained portion of the head is sh^ y 
narrower (MacGregor, 1941). The head, middle piece, and 
tail of the buffalo spermatozoon measure on an average 8.0 x 5. 

12.5 and 54.6 respectively, as compared with 10.0x5.6 
13.9 /I, and 60.3 h, for the bull spermatozoon (Guha et ah, 19o9)- 
Volume. The quantity does not usually exceed 5.0 ml. in Indian 
buffalo bulls, though a volume up to 8.2 ml. was obtained from n 
Murrah buffalo at the Indian Veterinary Research Institute (IVRI)» 
Izatnagar. The average quantity of ejaculate from the Murran 
buffalo is, however, only about 3.0 ml. In Egyptian buffaloes the 
volume has been reported to vary from 2.7 to 4.0 ml., Nvith a mean 
of 3 31 ml, (Hafez and Darwish, 1956). Madatov (1956) has found 
an average volume of 3 66 ral. for buffaloes in the U.S.S.R. Various 
workers have reported that in bulls of dairy breeds the average 
volume of semen is 4.0 ml. As with the bull there is considerable 


difference in the semen volume among individuals at different times. 
Two collections made in rapid succession from the buffalo bull may 
not show any significant difference in volume (Prabhu and Bhat- 
tachar>’a, 1951); but if four collections are made in rapid succession, 
the volume significantly drops in the third and the fourth collection 
(Prabhu and Sharma, 1953). 

Sperm Concentration, The spenn concentration in the buffalo is 
relaUvely lower than in the bull (Table VIII). The concentration of 
spermatozoa in the Murrah buffalo has been reported to vary be- 

(Shukla and Bhattacharya. 
1M9: KmhwAa el al. 1935), whereas in tsvo of the developed 
breeds of Indian bulk hept under similar conditions, the average 
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Table VIII. Compabisok Between Buffalo and Boll Sehen 


Aitribiiies 

Buffalo 

Bull 

{Bos iaurus) 

Statistical 

significance 

Initial motility 

2.5 ±0.10 

3.4±0.10 

* 

Sperm density per 
ml. X 10® 

1,264.5 ±68.4 

1,456.3 ± 62.3 

t 

Living sperm per 
ml. X 10® 

831.7 ±66.2 

1,061.4 ±48.4 

t 

Percentage of 
living sperm 

68.1 ±1.0 

73.3±1.4 

* 

Percentage of total 
abnormal sperm 

17 2± 1.2 

15.5± 1.3 


Percentage of living 
abnormal sperm 

8.2± 1.0 

7.2± 1.1 



Source; Roy et ah, 1958. 
* Significant at 1% level, 
t Significant at 5% level. 


concentration of spermatozoa was close to 1,500 million per ml. 
(ShuMa and Bhattacharya, 1949). In anotlier study a concentration 
of 1,264.5 and 1,456.8 million sperm per ml. has been reported for 
the buffalo and dairy bull, respectively (Roy et al, 1958— Table I). 
Madatov (1956) found an average of 980 million spermatozoa per 
ml. of semen in tire buffalo in Russia. 

Motility of Sperm. Based on the examination of a drop of freshly 
collected semen under the microscope at the room temperature and 
visual gradations, the initial motility of semen of Indian buffalo 
bulls has been found to be lower tlian that of Zebu semen. Using 
a score extending from 0 to 5, where 0 indicates no motility and 5 
the highest, Roy et al (1958) reported an average motility of be- 
tween 2 and 3 for buffalo semen, compared with 3 and 4 for the Zebu. 
As tlie rating of motility by this method is based on the nature and 
movement of the waves, which are greatly dependent on the con- 
centration of spermatozoa, the lower scoring of the buffalo semen 
may perhaps be attributable to the lesser number of spermatozoa in 
the semen samples of the buffalo. 

Hydrogen Ion Concentration. Very little work seems to have been 
done to investigate the hydrogen ion concentration of buffalo semen. 
In one investigation the average pii of Indian buffalo and Zebu 
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buU semen have been fonnd to be 6.7 and 6.3 
waha et al. 1955). Prabhn and Sharma (19o3) observed 
a number of semen collectmns were made in rapid 
the buffalo bull, the pH shifted from the acid to the alhah g 
Gajjan Sin^ c( c! (1939) have reported a pH of 6.75 for semen 
collected from the buffalo by the massage technique. A pH M o 
for ejaculate obtained in the artificial vagina and a ® • 

reported by Emmens and Blackshaw (1956), for bull semen 


lected by the former technique. 

Abnormal Sperm. Regarding the percentage of abnormal spe 
tozoa in buffalo semen, the findings of different workers vary, 
difference reported may, in part, be due to the difference in 
techniques of collection employed by them. Breed differences an 
the quality of the bulls used may be other factors involved. Kus 
waha ef al. (1955) observed that in Indian buffaloes the percenla^ 
of abnormality varied from 2.7 to 14.4, with an average ° 
Prabhu and Bhattacharya (1951) reported a low percentage of a^ 
normality of 4 to 5, whereas Roy ef cl. (1958) found theabnorma ty 
as high as 17.2 per cent (Table VIII). In the Egyptian buffalo, 
Hafez and Darwish (1956) have reported an average of 21.1 per 
cent of abnormal spermatozoa, with a range of 15 to 32 per cen . 
Madatov (1936) found the average percentage as low as 3 in buf- 


faloes in Bussia, with a range of 1 to 11.5 per cent. 

The types of abnormalities commonly encountered in the buffa o 
spermatozoa are similar to those obser\'ed in those of the bull a^ 
may involve the head, middle piece, or the tail region. VTiat signifi- 
cance each type of abnormahty has or how each type of abnormalit> 
affects the fertilizing abihty of the spermatozoa is not known, hut 
it is generally accepted that a hi^ percentage of abnormality de- 
notes poor quality of the semen. 


Lice and Dead Sperm. Several investigators have advocated ap- 
praisal of the quality of semen samples by estimating the propor- 
tion of five and dead spermatozoa contained therein \vith the use of 
vital dyes. Lasley cf ol. (1942) developed a differentiation technique 
for hull semen with opal blue. Kao (1956) obser>'ed that a large 
mim^r of stains could be used for differential staining of live and 
^ad spermatozoa in the semen samples of the buffalo and the bull 
riie use of 5 per cent solution of acid green or china blue or congo 
rubin or cotton blue or indulm, or 3 per cent solution of bleu de 
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Figure 29. Normal spermatozoa of the buffalo (Bos fcofao/is) and the bull (fios faurus). 
Note the difference in size, particularly the longer head and longer tail of the bull 
spermatozoa (right). X530. 

Lyon, or 2 per cent solution of Congo red, or 10 per cent solution 
of light green, or 7 per cent solution of methyl blue, or saturated 
solution of thionine gave comparable results. Except for Congo red 
and Congo rubin, which are used alone, and bleu de Lyon and 
thionine, the rest of the stains are used along with 1 per cent eosin B 
solution. With the solutions of bleu de Lyon and thionine, eosin solu- 
tions of 0.8 and 0.6 per cent, respectively, are to be used. Reagents 
like M/S phosphate buffer, or 3 per cent sodium citrate (diliydratc) 
solution, or 0.9 per cent sodium chloride solution may be used as 
satisfactory solvents for the dyes. 

Using the method advocated by Lasley ct al. (1942) and adjust 
ing die buffer to pii 6.6, Prabhu and Bhattacharya (1951) found an 
average of 22.64 and 17.21 per cent of spennatoroa dead in the 
first and the second ejaculates, respectively, in buffalo semen. 

BiocJwmical Allributcs. From the results of a number of investiga- 
tions by different workers in India, there are indications that besides 
differences in physical attributes which have already hecn discussed, 
there are some important differences in the biochemical properties 
of the ejaculates of the hull and the buffalo. Tfie findings of tliese 
workers have been combined with some data coilccted by Mann 
(1951) for comparison and are sliovni in Tabic IX. 
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, I.1U.1II-IC.I. Atm.™ or BrmiA m Ecu. fi»>» 


TlBlE IX. DlTrtREfCtB J’ 


Slaiidteal 
' ttgnyfiettnct 


Rangi ofdifffrrncti 


ToUl redoong 
sutetance (mg per 100 ml I 
Imtal fnirtoee 
(mg per 100 ml ) 


Fnjctolysts index 
Irt hour 
Total nitrogen 
(mg I'er 100 diL) 

NonproUin nitrogen 
(mg per 100 ml 1 
Chloride (mg. per 100 ml ) 
Calcium (mg per 100 ml ) 

Aieorbie acid 
(mg. per lOO ml ) 

Citne acid 
(mg. per 100 ml) 

Total phoephorui 
(mg. per 100 ml ) 

Orgame phoephorui 
(mg. pet 100 ml ) 
loorgtue pheephoroi 
(tng. per 100 ml) 

And'aoluUe 

pboepborui (mg per 100 ml ) 
Acid phcephatase 

aetmtr 

(Bodank; Cmtl 
Alkaltoe phsephataae 

(Bodastk; Unit) 


-00 10 ±ii 10 

•i-i 3?5-14«0» 

3i$ 10 ±17 30 

IIS'* 

CSl"* 

782* 355-1423* 

1 44 ±0 11 

485* 381-625* 

100* »-no* 

373 50 ±55 30 

40 50 ±2 10 

42* 35-62* 

4 13“ 

4 12'“ 

480* 322-620* 

103 20 ±6 W 

05 20 ±7 TO'P 

Ol*** 50-09* 

6 40 ±0 CO”* 

6 30 ±0 CO*** 

17*P* 14-25* 

72 20 ±3 90”* 

64 50 ±2 20*” 

308 20 ±43 W* 

306 M ±41 

251 70 ±37 20”» 

266 50 ±42 20^ 


796 59 ±42 OS 

610 88 ±38 85 

775“ 

826'“ 

952 S2'> 

552* ±169 

1 99 ±0 15 

756^ 

4S^ 

247 70 ±26 OO 

25 00 ±3 20 

34'« » « 

14 29“ 

14 31"* 

340-1150 

47 SO ±2 SO*' 

41 60 ±4 80*^ 

7yi 

5 90 ±0 50’* 

5 60 ±0 

9^ 

29 40 ±3 20*' 

27 50 ±2 OO”* 

115 10 ±U 40*' 

167 00 ±10 6Cr»> 

133 80 ±14 10** 

151 60 ±18 5'P 


Sourcei ■ Roy d at (1958) comhintd with Pal (1957) Uktoke asd BhatUeharya (1957) * Pal d ol (1956) ** M*"” 
(1954) ‘Efalera dal (1953) cited (com Mann 
E^afulatci * first ejaculate '‘second ejaculate 
Sfrnn wove* *• whole aemen *** eenuaa] plaama 
SlafuTMoI npniAcoiicr • ngnificant at 1% terel t mgDificaot at 5% leeeL 


The work of Roy et al (1958) merits particular consideration, 
they conducted the investigations on the buffalo and the bull ( Bos 
taurus maintained in India) simultaneously and statistically analyzed 
the data for determining the differences in the two species in bio* 
chemical properties of semen. 

The differences that can be observed in buffalo and bull semen 
%vith respect to the activity of acid and alkaline phosphatases and 
content of ascorbic acid, calcium, chloride, total and acid-soluble 
phosphorus, total nitrogen, and nonprotein nitrogen are of con- 
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siderable interest. Except for an estimate by Pal ( 1957 ) on a limited 
number of samples, the initial fructose content of buflFalo semen has 
been found to be lower tlian that of bull semen. The initial fructose 
content of bull semen as reported by Ehlers et al. ( 1953 ) is, however, 
lower tlian the estimates of fructose in buffalo semen barring that of 
Roy et al. (1958). 

A final conclusion regarding the differences in the biochemical 
properties of semen of tlie hvo species should not, however, be made 
at diis stage, as the comparisons are based on rather limited ob- 
servations. Moreover, it should be kept in mind that besides species 
differences other factors, such as nutrition, management, physio- 
logical status of the animals, and climate, may affect some of the 
properties. 


SEASONAL VAMATION IN SEMEN QUALITY 

Various workers in different countries have observed that along 
with climatic changes there are seasonal vanations in the quality 
of semen of different species of farm animals. 

Seasonal changes in the quality of semen of two Indian breeds of 
buffaloes have been leported (Malkani, 1954, Kushwaha et al., 1955; 
Roy et al., 1958). In one investigation by Roy et al. (1958) simul- 
taneous observations were made on tlie seasonal changes in a number 
of seminal attributes of the buffalo and the bull (Table X). 


Table X CHARACtEiUFncs or BcrrALO aro Blu. Seven Dckino Duterent Seasovs of the ^ ear * 


ir»n/<T Spnnif Svmmer Rain iiu/umn 


Sperm den«ity 


per ml X 10* 
Ijviok iperm 
per ml 

Pereentage of 
living sperm 
PercenUge of total 
kbnormAl eperm 
Pertentage of living 
Abnormal sperm 
Frvctolytic 
index. 1st hour 


1295 7 ± 121 7 
8 ± 6S t 
896 8 100 3 

uso s ± ee i 
69 0 :h 3 0 
75 9 ± 5 7 
23 6 ± 2 1 
tS 3 ± i S 
20 6 ± 7 4 

t! e ik 4 9 
1 81 0 16 
5 09 ± 0 19 


1563 2 ± 101 6 
ISS7 7 ± /OO r 
1034 0 ± 173 9 
/159 0 :k ISO 
C2 2 ± 3 9 
75 t db S 8 
21 1 ± 2 5 
no ± to 
13 2 d: 2 0 
8 9 ± 14 

1 17:4: 0 17 
/ 0 tt 


1277 4 :l:tl7 6 
ms t ± 105 4 
79S 4 d= 89 7 
tOiO 4 ±7/9 4 
63 3 ± 4 6 
57 0 ± 4 5 
15 2 ± 2 2 
If 5 d: 5 5 
5 0 ± 0 3 
4 5 ± 0 9 
1 31± 0 17 
I 54 ± 0 18 


lOlO 3 ±114 7 
1577 7 ±1/9 7 
E09 3 ± 81 e 
1970 5 ± lOa 1 
79 2 ± 2 3 
77 5 ± 4 7 
10 1 ± 11 
15 7 ± 5 8 
6 0 ± 0 8 
5 9 ± IS 
1 73 ± 0 37 
1 e5± 0 ts 


1003 2 ± 125 3 
1037 5 ± 189 9 
952 8 ±123 7 
S55 1 ±152 4 
82 8 ± 18 
75 4 ± 3 5 
12 4 ± 2 9 
17 8 ± 5 8 
3 9 d: 0 7 
9 4 ± 4 5 
1 27 ± 0 24 
1 81 ± 0/7 


* ncurea in italics India te olMerrations on Bet tavrsi mamtsuud !n India. 


There was the common finding by the different workers that the 
quality of semen in the buffalo was at its best during spring. Earlier 
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investigations at IVRI rc%-.i!ed that better-quality semen was pro- 
duced by tbe bull, the ram. and the goat during winter and g 
seasons (November to April) and that there wms a ^ J 

semen quality dunng summer and autumn (May to Octobe ; 
(Mukherjee and Bhatt ichar>-a. 1952a, b, ShuUa and Bhatlac aiy 
1952a, b) In the buffalo also tbcrc is a decline in semen qua!it> m 
summer and autumn seasons, as compared ^s'ith spring,^ u ’ 
the bull semen, the buffalo semen does not retain its quamy 
dunng winter (Kushwaha ct al , 1955, Roy ct ah, 1958). ^ 
in the semen quality in both the buffalo and thC bull during 
and autumn is possibly attributable to the consequences or t »e i 
ficult problem of heat dissipation the animals have to face un c 
the stress of hot or warm humid conditions of summer and au umn 
months. . 

"The buffalo is sensitive to extremes of cold and heat, and * 
less able to adapt itself to colder climate than cattle” (Kalcff, 19 
it is not surprising that in this species there is a decline in semen 
quality also during winter. It is generally accepted that the thermO' 
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regulatory mechanism of the hufFalo is comparatively less efiicient 
than that of the bull. 

Malkani (1954) did not find a very marked decline in the semen 
quality of Smrti buffaloes during winter— which is mild in the area 
where she conducted her investigation. 

In seasonal variation of semen quality, besides the problem of 
thermo-regulation there are indications of involvement of the endo- 
crine system. Bhatnagar et al. (1955) have reported that, as in other 
farm animals, the increased or decreased activity of the testes in 
the buffalo bull is associated svith the increased or decreased activity 
of the thyroid. 


nmunoN and storage of semen 

The phenomenal success of artificial insemination in cattle is in 
no small measure due to the development of efficient semen diluents 
like egg yolk-phosphate by Phillips and Lardy (1940) and egg yolk- 
citrate by Salisbury ef al. (1941). 

Because of the discouraging results with egg yolk-phosphate and 
egg yolk-citrate for storage of buffalo semen, a group of investigators 
tried other diluters. Srivastava et al. (1953) made phosphate buffer 
extract of acetone precipitate of egg yolk according to tlie method 
of Mayer and Lasley ( 1945 ) and preserved buffalo semen in this me- 
dium and compared it with a part of the sample diluted in egg yolk- 
phosphate. The keeping quality of the active principle of the egg 
was found to be superior to egg yolk-phosphate diluent as judged 
by the motility of spermatozoa. Srivastava and Prabhu (1956) com- 
pared six diluters with regard to tlieir keeping ability of buffalo se- 
men: active principle of egg yolk in phosphate buffer, egg yolk-phos- 
phate, egg yolk-citrate, autoclaved milk, Kampschmidt’s glucose- 
sodium bicarbonate-egg yolk diluter with addition of sulfamezathine 
and “Spermasol.” Best results were obtained witli glucose-sodium bi- 
carbonate diluter followed by "Spermasol’’ for storage extending over 
a period of one week, and tlie percentages of spermatozoa which 
survived at the end of tliat period were 32.6 and 28.4, re.spcctivcly. 

For actu.al insemination work in buffaloes, Gokhale (1958) used 
egg yolk-phosphate, egg yolk-citrate, and Kampschmidt’s diluter 
with addition of sulfamezjthine. The composition and method of 
preparation of the last-named buffer are ns follows: 4 parts dextrose 
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solution (5 per cent). (Analar); 1 part 


solution (5 per cent), 

solution (1.3 per cent), N illCOa (Analar); 1 part sulfamezathme 
sodium (I.C.I. brand) solution (Zpercent); and 1 part cgp“ »'• 

The solutions are fii st prepared separately and autoclaved at 1 - • 
pressure for 20 minutes They are then mixed in the 
mentioned above and added to the egg yolk; pii is maintained at b a. 

It was found that though the average time of sperm "I 

Kampschmidt’s diluter was 18004 hours, as eompared with 199.Uo 
and 157 47 hours in egg yolk-citrate and egg yolk-phosphate, respec- 
lively, the motility rating of 3 or aliove was maintained in t is 
medium for a period (137.2 hours) appreciably longer than in egg 
yolk-citrate (100.2 hours) or egg yolk-phosphate (77.5 hours). Use 
of glucose-sodium bicarbonatc-suUamezathine buffer also showe 
a higher conception rate (5229 per cent), as compared with egg 
yolk-citrate (40 per cent) and egg yolk-phosphate (41 per cent). 
The fertility rates were based on 90 to 120 days non-return. 

Roy et al. (1955) compared buffalo semen in egg yolk-citrate 
buffer with or without addition of glycine and noticed that a higher 
motility rating was maintained in glycine-added diluent and that 
the conception rate was also slightly higher with its use. 
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Singh and Toniar (1959) evolved a sodium bicarbonate-glucose- 
fructose buffer with egg yolk for storage of buffalo semen. Sodium 
bicarbonate, glucose, and fructose were dissolved in double distilled 
water to make 1.3 per cent. 5 per cent, and 5 per cent solutions, 
respectively. The final buffer was made by mixing 10 per cent of the 
sodium bicarbonate, 40 per cent of the glucose, and 25 per cent of 
the fructose solutions with 25 per cent of egg yolk. Buffalo semen 
maintained a motility score of 3 in this buffer for a longer period 
than in egg yolk-citrate or egg yolk-glycine diluter. Spermatozoa, 
however, hved for 23 days in egg yolk-glycine diluter, as compared 
with 12 days in egg yolk-sodium bicarhonate-glucose-fructose buffer. 

Veeramani Ayyar ( 1952 ) tried boiled milk with citrate buffer as 
a diluter for bull and buffalo semen and found that semen could be 
preserved in this medium as effectively as in egg yolk diluter. 

The development of a suitable diluent for buffalo semen is a 
pressing problem. How much biochemical differences account for 
the poorer keeping quality cannot be stated at present. Only with 
further research may an answer be found. 

Dilution Rate. The effect of the rate of dilution on tlie storage of 
buffalo semen remains to be explored. For routine insemination at 
IVRI, the dilution of buffalo semen has not exceeded 1:20 during 
the course of the last three years, as the demand for buffalo semen 
has not been very higli. No difference in fertility rates has been ob- 
served with dilutions ranging from 1:5 to 1:20. 

Antibiotics. Several investigators have claimed that the addition 
of antibiotics to the semen diluents improves the keeping quality 
and fertility of spermatozoa. Gokhale (1938) found tliat addition of 
penicillin (SOO to 1,000 international units per ml.) and dihydro- 
streptomycin sulfate (500 to 1,000 eg. per ml.) to huffalo semen ex- 
tended in glucose-sodium hicarbonate-sulfamezathinc diluter did 
not improve the survival time of spermatozoa any more than when 
semen was diluted with the buffer without addition of antibiotics. 
The diluting medium with antibiotics, however, maintained a motil- 
ity of 3 or above for a somewhat longer period (18.2 hours ) . The use 
of antibiotics or their omission did hot make any difference in the 
actual fertility rates. 

In spite of this finding, the investigation was conducted on a very 
limited scale, and if may be advisable (o use antibiotics in the preser- 
vation of buffalo semen until it bos Ixien shown from more clalroratc, 
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controUed experiments that the use of these drugs has no beneficial 
effect. In several artificial insemination centers in India they are 
being used in buffalo semen, as in bull semen, as a routine measure. 


DEEP FREEZIN'C OF SEMEN 

This method of semen preservation holds much promise for the 
improvement of buffaloes, since these animals arc found in 
tries where transport facilities are inadequate and distances o en 
vast. Any process by which semen can be preserved over 
periods should be of interest in these countries. Unfortunately, o\v 
ever, very little work has so far been done on deep freezing of buna o 
semen. This has mainly been due to lack of necessary refrigeration 
facilities in most of the areas where the buffalo is an important farm 
animal. 

Beporls are available of only a few preliminary investigations on 
preservation of buffalo semen by deep freezing ( Bhaltacharya an 
Srivastava, 1955; Roy et al., 1956). From these it appears that no 
special modification of techniques employed for decp*freeze preser- 
vation of bull semen is necessary for freezing buffalo semen. Roy 
et al. (1956) used egg yolk medium with glycine for preservation 
of buffalo semen by deep freeing and noticed that there was a re- 
covery of about 80 per cent of the initially motile spermatozoa when 
frozen samples were thawed at room temperature. No fertility re- 
sults of the use of frozen buffalo semen are so far obtainable. 


INSEMINATION 

Insemination of the female buffalo is accomplished by the same 
techniques as in cows. The rectovaginal method of insemination is 
being used more and more in India, especially when the ihsemina- 
tor IS a veterinarian. The speculum method is more favored by lay 
technicians If the rectovaginal technique is used, the manipulation 
through the rectal wall should be done gently and cautiously, for in 
the buffalo the capillaries of the rectal wall are more fragile than 
th^ in the cow and as a consequence bleeding may result readily. 

Ihe need for cleanliness during insemination and the necessity of 
a sterile speculum and inseminating pipette 
are as essential in the buffalo as in the cow. 
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There is no authentic information regarding the relative efficacy 
of insemination in the cervix, body of the uterus, or the horns of the 
uterus in the buffalo. It is, however, generally presumed that the 
site of deposition should be the same as in the cow to give similar 
fertihty results in the buffalo. 

VanDemark and Hays (1954) have observed that in cows sperma- 
tozoa traveled up the Fallopian tubes to the ovarian end in two to 
four minutes following deposition of semen in the cervix. Rao 
(1954) found that the speed of sperm transport in the buffalo was 
about the same as in cows, and spermatozoa reached the anterior 
third of the Fallopian tubes in tliree minutes and twenty seconds 
following artificial insemination. The optimum number of actively 
motile spermatozoa required per insemination in the buffalo needs 
to be determined. 


ESTRUS PHENOMENON 

The reproductive physiology of the female buffalo differs from 
that of the cow in several respects, and it is, therefore, necessary to 
know the peculiarities of the buffalo to obtain good success with 
artificial insemination in this species. 

In comparison with the cow, the buffalo reaches puberty and 
sexual maturity at a later age. It has been reported that in Bulgaria 
the usual breeding age of the buffalo is three years (Kaleff, 1932). 
Similar reports have been obtained from Malaya, Cambodia, and 
India (Marsh and Dawson, 1948; Baradat, 1949; Bhattacharya, 
1953). Gorbelik (1935) observed tliat the buffalo in Azerbaijan 
reached puberty between two and three years of ago, though with 
good feeding she might do so at one and one-half years of age. 

Information from different countries indicates that tlie duration 
of estms is appreciably longer in the buffalo than in the cow and 
usually lasts 24 hours or more (Kaleff, 1942; Bhattacharya, 1953; 
Hafez, 1934). In Egypt Hafez (1954) found that the onset of estnis 
took place between 6 p.xt. and 6 a.m. in 84 per cent of the cases 
obscrs'cd. MacGregor ( 1941 ) has reported that in swamp buffaloes 
“desire seems to cease with daylight and mating usually occurs only 
at night.” Many buffaloes do not exhibit pronounced signs of cstrus, 
and the incidence of silent heal is more common in the buffalo, so 
that many beats may Ire missed unless greatest care is exercised in 
detection. 
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Figure 32 Intern not ng the buffalo cow by the rectovaginal technique 


The length o£ the estrous cycle of the buffalo has been reporte 
be about three weeks by several investigators, whereas some o er 
have observed average cycle lengths of 2B to 30 days In the Malayan 
water buffalo heat is said to recur at monthly intervals and to as 
for two weeks if fertilization does not occur This, if true, is an un 
usual type of behavior for Bovidae (Asdell, 1946) 

From available information there are reasons to beheve that t e 
seasonal variation in the reproductive function of the female butta o 
IS more pronounced than in the cow Villegas ( 1928 ) reported that 
in the Philippines high sexual activity is observed in the buffalo dur 
Ing the rainy season and cooler months In an investigation m Egypf> 
Hafez (1935) noticed buffaloes remaining completely anestrous dur 
ing the hot ^veathe^ (April to July) and returning to sexual actiMty 
with the onset of autumn (August) In another investigation Asker 
and El Itnby (1958) found that about 75 per cent of the services m 
buffaloes in that country occur during November to February and 
not more than 4 per cent of the services occur during summer Sev- 
eral \\orkers hase also reported on seasonal \anation in the repro 
duclive function of female buffaloes in India (Arunachalam et al, 
1952 Ttao and Muran, 1956) In one investigation on buffaloes, some 
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kept under poor and others under better managerial conditions, De 
(1957) observed that under both the conditions about 80 per cent 
of the total number of estrous periods recorded were during Octo- 
ber to March and only 20 per cent during April to September. The 
period of lower sexual activity coincided with higher air temperature 
and higher humidity. 

Very meager information is available on the time of ovulation in 
the buffalo in relation to the stage of estrus. From an investigation on 
Murrah buffaloes at IVRI, it has been estimated that ovulation in 
the buffalo occurs 4 to 30 hours after the end of heat, the average 
period being 11.4 hours. Rao (1954) observed that tlie ovum in the 
buffalo was fertilizable 24 hours before the end of estrus, at the 
earliest, and 10 hours following the termination of heat, at the latest, 
when the duration of estrus was 36 hours on an average. He also 
observed that spermatozoa survived in the reproductive tract of 
the female buffalo for 36 to 48 hours. 

The pronounced seasonal variation of the estrous phenomenon 
and the greater difficulty in the detection of heat in the ljuffalo make 
organization of artificial insemination more difficult in this species. 

CARE AND MANAGEMENT OP THE SIRE 

In several respects, the care and management of the buffalo sire 
differ from these of the bull. The buffalo bull matures sexually more 
slowly. Investigators in Asia and Africa have reported that the buf- 
falo bull is put to first service not earlier than three years of age and 
quite often at tliree and one-half years or more. There are reports 
available from Italy and Trans-Caucasus in the U.S.S.R. of buffalo 
bulls being used much younger— at around hvo years of age ( May- 
mone, 1942; Agabeili, 1956). MacGregor (1941) states that in the 
buffalo “by six or seven years there is frequently a loss of poteney 
with a rising proportion of unsuccessful services, but desire continues 
until he is twelve or more during which time his muscular strength 
seems to increase. Complete senility, that is loss of muscular strength 
as well as desire, does not set in till over fifteen. A good buffalo bull 
of river type can scrs’c 100 cows a year, hut it is unusual to allow 
more than 12 cows to each hull, as each of them will he sers'ed sev- 
eral times during her heat. There is no rutting season or periodical 
masculine desire." 




Figure 33. A Mvrroh buffolo bull 


In Italy, buffalo bulls are replaced after four to five years of s^- 
ice (Maymone, 1942). Investigations by El-Itriby and Asker (195* ) 
have revealed that in Egypt the average useful life of a buffalo bu 
is only four and one-half years. It appears that the effective breea- 
ing life of the buffalo bull is comparatively shorter than that of the 
bull. Consequently, much greater attention and care are necessary' 
for the buffalo sire if the owner is to get the best out of him. 

Not much information is available on how intensely a buffalo sire 
should be used for hand-mating or how frequently collection of 
semen should be made for artificial insemination. Lazarus (1946) 
suggests that buffalo bulls should be sparingly used and services so 
adjusted that the bull does not cover more than 75 times in a year. 
Sajcd and Oloufa (1937) reported that semen quality in samples 
from buffalo bulls with three collections per week was lower for 
all characteristics than in samples from tliose with one collection a 
week. On some occasions bulls subjected to three collections per 
week did not show' any hbido. 

Asker and El-Itnby (1958) observed that in Egypt as a conse- 
quence of the fact that about 75 per cent of the services in buffaloes 
occur during four months of the year the breeding buffalo bulls are 

s 
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used at least three times a week for service during the breeding 
season, and according to the authors such heavy use of the sires may 
be responsible for production of poor-quahty semen and a low con- 
ception rate. At IVRI, Munah buffaloes from which semen has been 
collected twice a week for a period of tliree years have shown no 
detrimental effect. 

The shelter requirements of die buffalo are different from those of 
the bull because of the buffalo s lower heat tolerance. During hot 
summer months in the tropics buffaloes need special protection from 
the sun and should have free access to clean wallows. If that cannot 
be provided, they should have cold showers or good splashing with 
water daily during the hot weather. 

Buffalo bulls are more apt to develop strong antagonism among 
themselves than dairy or beef bulls, and for this reason more vigilance 
is necessary to keep them apart. Fights between buffalo bulls are 
more dangerous and not infrequently end in fatality or serious in- 
jury to one or both of the contestants. 

The need for attention to good feeding, watering, exercise, sanita- 
tion, and disease prevention is the same for the buffalo sire as for 
other bulls. Buffalo bulls should not be exercised in the sun during 
hot summer months, and if left loose in the paddock, they should 
have plenty of tree shade. 

In India, there are a number of military dairy farms where large 
number of buffaloes are very well managed. The young buffalo 
calves arc segregated from the rest of the herd at the age of nine 
months. At two years of age a nose ring is attached. During tliis 
period they are handled, groomed, given sufficient exercise and 
good feed, individually. In hot weather, they are taken into wallows 
when these are not occupied by the female stock; or if wallows are 
not available, they arc washed down at 8 a.m. and 6 p.m. During 
hot weather in the plains the animals are not exposed to the direct 
rays of the sun between 10 a.m. and 6 p.xr. A well-cared-for buffalo 
bull is used for breeding at lire age of two years if well developed. 
For the first year, he is allowed up to two sendees per month, and 
the number of services per bull is gradually increased to four to 
eight sendcas. 

Sendees are given before feeding, as bulls seem to perfonn more 
quickly if this procedure is followed. If the intcnnl I)etween two 
successive sen'ices is long (ses’cn to ten d.ays or more), the bnll is 
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allowed to serve a second t.me, s.nce the first ejaculate may contam 
a number of dead spermatozoa 
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Sheep and Goats 


CLAIR E. TERRILL 


A,rtificial insemination of sheep and goats has not passe ar 
yond the experimental stage in the United States; however, ® ® 
have been artificially inseminated on a huge scale in Russia tor 
years, and large-scale plans have been attempted by individual 
men in Australia, Argentina, and many other countries of the wor . 
Sheep can be easily and economically bred artificially, particular y 
on the Western ranges where they arc usually bands of from one 
to two thousand head, and often several thousand head or more 
are under one management. 

The chief advantage of artificial insemination of sheep or goats lie 
in the fact that it permits intense selection of sires with exceptiona 
merit, and thus provides the opportunity to exploit fully the value 
of superior sires. Several hundred offspring are the maximum to be 
expected from a ram in natural service, whereas several thousands 
are possible with artificial breeding. Thus, the breeding value of a sire 
can be extended to at least ten times as many offspring by artificial 
insemination. The initial investment in rams and the cost of main- 
tenance of rams can be reduced because of the smaller number 
needed with artificial insemination. 

Artificial insemination is advantageous where service from an 
outstanding male is desired simultaneously in several localities. 
Fresh semen can be shipped successfully if the time required is not 
greater than one to three days. However, the per cent of fertility can 
278 
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be expected to decline with longer storage times. International trans- 
port of semen may become more common in areas where air trans- 
port facilities are elHcient. 

Valuable sires which are incapable of service because of age or 
injury may be utihzed through artificial insemination, electrical 
stimulation being used for the collection of semen. This practice is 
not indicated if tlie inabifity to serve is due to some Inherited defect 
of the sire. Artificial insemination should be used to increase merit, 
and the possible spreading of undesirable traits has to be guarded 
against constantly. 

The disadvantages of artificial insemination of sheep must be 
clearly recognized. Sires that have not been thoroughly proved may 
spread undesirable traits much more widely through artificial in- 
semination than by natmal mating. This is particularly true of re- 
cessive defects, which may not show up under ordinary use. 

Artificial insemination programs must be carefully and skillfully 
conducted or lower fertility rates may result, and to be most success- 
ful they must be limited to rams of above average fertility. Any fail- 
mre to settle the ewes promptly will result in a prolonged lambing 
season and lowered uniformity of the lamb-crop. Perhaps the great- 
est disadvantage of artificial insemination of sheep is its expense. 
Kelley et al. (1942) state tliat the limiting factor in Australia will 
be cost. To be practical, the monetary gain from its use must at 
least balance the added cost in artificially breeding the ewes. 

Considerably more work has been done on artificial insemination 
witli sheep tlian rvith goats. However, much of the material pre- 
sented applies to goats as well as to sheep, and an increasing amount 
of information is becoming available on artificial insemination of 
goats. 

MANAGEMENT OF RAMS 

Rams to be used for artificial insemination must be in a condition 
of higli fertility. Rams of fairly low fertility might settle a small flock 
of ewes in a period of 60 days under natural mating, but might 
partially fail when artificially mated to a large number of ewes. A 
highly fertile ram will produce larger numbers of live, normal sperm 
than will a ram of low fertility. His semen can not only be used to 
inseminate larger numbers of ewes per day but also it wall probably 
produce a higher percentage of pregnancies. 
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The rams should be uell fed for at least a 

breeding season. An ample f to salt, water, 

plus some grain or protein supp ement, ^^„cise 

Ld minerals, if necessary-, condition 

should be encouraged Hams should be kept . > 

but should not be allowed to become overfat. Those t 

highly fitted for show or sale should be shorn an u 
picture lor at least several weeks before use. Rams will do better -n 
Lall bunches and should have access to shade or cool qua 
particularly m a warm climate. 


SE.\!ES COLI-ECnOS 

Three methods have been used most successfully for collecting 
semen from rams. Tlic simplest mcUiod is to allow tlie ram 
the ewe and then collect semen from the vagina; this reqii P 
tically no equipment and is usually less difiicult than wi 
ficial vagina. The use of an artificial vagina with a dummy ewe e 
nates the necessity of maintaining ewes for the collection 
and minimizes the possibilities of contaminating the semen. Co 
ing semen from the ram by means of electrical stimulation is the c 
time-consuming, and is not dependent on the sexual desire o 

lam. j /O' ‘11 

In comparison of semen obtained by the three methods ’ 

1940) semen of similar quality was obtained from the vagina of t e 
ewe and the artificial vagina. Semen obtained with the artincia 
vagina was slightly lower in volume and higher in concentration o 
spermatozoa than that obtained from the ewe. Semen obtained d> 
electrical stimulation was of much thinner consistency, and the con- 
centration of spermatozoa was much lower than with the other two 
methods The total number of spermatozoa obtained at each col- 
lection was much morfe variable with electrical stimulation than 
%vith the other two methods. Results of artificial insemination with 
both fresh and stored semen gave 61 per cent pregnancies with 
semen collected from the vagina of the ewe, 52 per cent from elec- 
trical stimulation, and 42 per cent from the artificial vagina. All 
three methods of semen collection have been used successfully wth 
goats and the advantages and disadvantages of each method appear 
to be similar to those with sheep. Collection with the artificial vagina 
appears to be the most common method with goats. 
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From the Vagina of the Ewe. Collection of semen fiom the vagina 
of a ewe is best done with a ewe out of heat because the vagina is 
more apt to be dry and free from mucus. The ewe should be firmly 
tied in a stanchion, and any fluid in the vagina should be removed 
before service. The semen should be removed immediately after 
each service with a pipette (shown in Figure 34). Care should be 
taken to remove all of the semen and to avoid contamination with 
urine or other foreign material. Repeated collections can be made 
from a single ewe, but a different ewe should he used for each ram 
to avoid unceitain parenthood. Rams which refuse to serve a ewe 
out of heat can usually be trained by repeated trials. They can often 
he induced to serve a ewe out of heat if they are first allowed several 
services with a ewe in heat and then switched to a ewe out of heat. 
All collections should be made in the same place, and rough han- 
dhng, excitement, and undue noise should be avoided. 

The interval betv'een services will vaiy among rams from about 
five minutes to an hour or longer. In general, services should not 



Figure 34. Equipment for artiftclot iniemlnation of theep A. Artificial vagina otsem* 
bled for use B. Heed lamp C. Semen<onecting pipette for removing temen from 
ewe, mode from gloss tubing about 12 Inches long and inch In diometer, rounded 
ot the ends ond equipped with a 15 to 25<c. rubber bulb O. 5<c. groduoted test 
tube for collecting semen. E. Smoll viols for storoge or shipment of semen. F. Voglnol 
speculum, mode from pyrex gloss tubing. 6 Inches by 7i Inch (should be slightly 
shorter for goats). G. Inseminating pipette consisting of a 1<c. pipette groduoted 
to the tip and mouth lube (a rubber bulb may be substituted for the letter). Equip* 
ment tultobla for sheep con also be used for goots (Benedilfovic, 1934, Eofoveevo 
ond fomenlo, 1935) 
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be pennitted more often than cve^ 15 ‘d 

eight ejaculates may he obtained in a ‘ ^ ^ ejacu- 

Berlincr (1937) reported that rams produced from 1 1 

lates in nine hours, with some decrease in number of 
sue^essive ejaculates Chang (1945) found that ‘otal spe™ c^^ut 
increased with the number of collections up ta six p j 

was some decrease m volume and concentration of each ejacula 
with an increase in the number of collections, but no change m 

quality, as shown by percentage of fP"^ thlfcol 

quality However, Swanson and Blackwell (19o5) fou , 

lection of one ejaculate per day was superior to four per day 
quality and total number of sperm obtained. A continuation 
study (Harrington et al, 1956) showed that col ections of tw 
ejaculates and one ejaculate per day and one ejaculate every 
day ranked in that order in total number of sperm produce p 
day. Motility was slightly higher for collections made every o 

^*Wi(h an Artificial Vagina. An artificial vagina, as shown 
34, can be of very simple construction, and can he used with ei er 
sheep or goats. It consists of a metal or heavy rubber outer tube an 
a thin rubber inner tube surrounded by a layer of warm water ^ 
air. The outer tube should be about 7% inches long and 2 inches 
in diameter. One or two petcoeVs in the outer tube are used for 
filling it with warm water and for adjusting the air content to o - 
tain moderate pressure. The inner tubing may be made from 1 Vi-mc 
band tubing, 0.031 gauge, and should extend at least one inch and not 
more than two inches beyond the ends of the outer tube so that it 
can be folded back over each end and held in place with rubber 
bands. A rubber funnel is attached to one end, leading to a small 
test tube to catch the semen. A graduated 5-c.c. test tube is con- 
venient if a record of semen volume is to be made. The open end of 
the artificial vagina should be well lubricated. Mineral oil, vaseline, 
or gum tragacanth may be used for a lubricant.® 

A more elaborate artificial vagina designed by Millar (1958) ap- 
pears to be more durable and easier to clean or sterilize, and provides 


Lambert and McKenzie (1940) recommended the following lubricant 
lor use wth artificial insemmabon. Mix thoroughly 6 cm of powdered gum 
tragacanth with 10 cc. of glycerine. Add to this mixture, stirring continuously, 
100 cc. of water. Keep in refrigerator to prevent molding 
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better protection against temperature shock and loss of the ejaculate. 

The temperature of the artificial vagina is very important. The 
ram may refuse to serve if it is too hot or cold, and it is sometimes 
difficult to induce a ram to ser\'e again after an unsatisfactory ex- 
perience. The temperature within tlie inner tube at time of service 
should be between 41° and 44° C. (106° to 111° F.). Some decrease 
in temperature between the time of preparation and service must be 
allowed for. A convenient arrangement for filling and warming the 
artificial vagina consists of a hot plate on a high shelf and a water 
container with an outlet at the base with rubber tube and stop 
clamp. The water can be kept at 80° to 90° C., and the artificial 
vagina can be quickly warmed to the desired temperature by allow- 
ing the hot water to pass through it. 

The artificial vagina eithei can be used with a dummy ewe (Fig- 
ure 35), or it may be held in the hand beside a Uve ewe. 

By Electrical Stimulation. A method of electrical stimulation in 
rams was developed by Gunn (1936) A modification involving the 
use of a single rectal bipolar electrode was made by Laplaud and 



Figure 35. Dummy ewe used for collection of temen at the United Stotes Sheep Ex* 

perlment Station, Dubois, Idaho. Construction ts simple, end rubber bonds ore used 

to hold the criinclot vagina In ploce. fCoorfesy Vntttd Slates Deportment of Agri- 

culture ) 
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Cassou (1945). Tlie use of the bipolar electrode with the gradual 
Ssing and lowering of the current greatly reduces general body 
reaeUon and appears to be generally as satisfactory m j 

ejaculate as Gunns method A number of 

Ld such equipment for rams and goaU, mcludmg BlacWia 
(1954a). dA Cl al. ( 1954). Edgar (1957). and Barber (^S)- 
The equipment m Figure 36 is very satisfactory, although 
homemade as described by Dziuk et al (19t>4). 
equipment can be obtained. The source of power is 110 volt. OU 
cycle, and is reduced to 30 volts by a transformer, which also iso- 
lates the electrodes from the tine source. The rectal probe is maae 
of rubber hose about % inch in diameter with solder rings one met 
apart. Alternate rings or electrodes arc connected to provide a di - 
ference in electrical potential between adjacent electrodes. 

The method can be used with the ram held standing as shovyn in 
Figure 36, but it is sometimes desirable to restrain the animal 
extended position. The probe is lubricated, moistened, and inserted 
so the last ring is just inside the anus. Tlic penis may be^ cxtni ^ e 
before stimulation, but it will generally protrude with stimulation 
The filiform appendix and the end of the penis should be held in a 
test tube or small vial. Voltage is gradually increased and then re- 
duced to zero during a five-second period followed by an equal rest 
period. The stimulus is gradually increased until semen is obtained 
in the order of 2, 5, and 8-volt peahs. Considerable variation can be 
expected in the number of stimuli necessary to produce semen and 
in the volume of semen and concentration of sperm obtained. 


EXAMINATION OF SEMEN 

Success with artificial insemination is partly dependent on the 
quality of the semen used, and this should be checked constantly. 
This also serves as a guide to the management of the rams, although 
in some cases deficiencies of the semen cannot be corrected by im- 
proved management. It is important to remember that the insemi- 
nating dose of semen should be based on the number of viable 
spermatozoa introduced rather than the volume of semen, and care- 
ful examination of each lot of semen (a number of ejaculates from 
one ram may be combined into one lot to simplify examination) 
should be made for this reason. With some experience it is possible 



Fijure 36 Technique for collection of rom semen by electrical jlimulolion at the 
United States Sheep Experiment Siotiort Dubois Idoho Abtsvei Method of rettra n 
ing the ram during collection Sc/owi Electrical st mutation opporatus Note the 
variable Ironsformer voltmeter, end ommeter ol left end the rectal bipolar probe 
at right (Courtesy Un fed Slofes Oepor/ment of Agrlcu/tureJ 
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to predict the fertilizing capacity of semen ^ “gTerfe rims 

Quency of eiacuh non had a signiBcant relationship to 

judged by percentage of ewes lambing. Of the vanous semen 

acteristics studied-including viscosity. pH. 

tility score, estimated percentage of motile sperm, estim 

count, total sperm, percentage of normal sperm, 

normal heads, percentage of live sperm, and percentag 

mal sperm-only volume of semen, estimated motihty count per 

centage of normal sperm, percentage of abnormal Irff’ P": 

centage of live, normal sperm were significantly correlated wit 

percentage of ewes lambing from normal service. Furt ermore, 

no case was the predictive value high. It appears that no smgl 

laboratory test with high predictive value of potential fertuity 

available at present and that success in predicting fertility must ae- 


pend on a number of traits. ^ 

A rough appraisal of ram semen, which is often sufficient tor pra 
tical purposes, can be made without equipment. Good ram semen 
has a creamy appearance and consistency. The swirling 
which accompanies high motility can be observed with the ® 
eye. Semen containing a high concentration, but mostly of dea 
spermatozoa, has a brownish yellow appearance. High concentration 
is indicated by a rich creamy appearance; and as the concentration 
of spermatozoa decreases, the semen becomes thinner and milky or 


watery in appearance. 

Records of the characteristics of semen used for artificial insemina- 
tion can easily be kept and should be available for calibrating dosage 
and in appraising results. These records should include the volume 
collected, appearance, reaction to litmus or other test paper, estima- 
tion of motility, determination of concentration, and an appraisal of 
abnormal types present. These records can be taken by an experi- 
enced operator in about ten minutes for a lot of semen if only a 
rough examination of abnormal types is made. A more thorough 
check on abnormalities may be made periodically. 

Staining \sith eosin B in combination with a background stain 
such as opal blue (Lasley et oL, 1942) or fast green, FCF (Mayer 
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et ah, 1951), appears to be useful for estimating the proportion of 
live spermatozoa present and also for classifying abnormal types. A 
variety of other background stains have been used for ram and goat 
sperm, as described by Rao (1951, 1956, 1957) and Blackshaw 
(1958a). 

In staining by the opal blue-eosin or fast green-eosin method, a 
small drop of stain mixture is placed on a clean slide. A glass stirring 
rod is then dipped in the semen sample, and the amoimt of semen 
adhering to it is immediately mixed with the stain on the slide. The 
flat surface of another clean slide is placed over the mixture, which 
causes it to spread out in a thin film between the surfaces of the 
two slides. The slides are then drawn apart without applying pres- 
sure and should be quickly dried on a warm plate at 40° C. 

The recording of volume is facilitated by collecting the semen in 
a graduated test tube. Motility should be estimated by a grade or 
score under the microscope. This estimation may be made at a con- 
stant temperature by means of a small hanging drop of semen in a 
micro stage incubator. Concentration may be measured with a 
hemocytometer or more rapidly and accurately with a photoelectric 
colorimeter, as shown by Emik and Sidwell (1947a). Matching the 
semen with calibrated standards provides a less accurate but more 
rapid estimate of concentration. 

SEMEN cHAnACTEaixncs 

An average ram ejaculate consists of slightly less than 1 c.c. of 
semen with a creamy appearance. It contains from 2 to 3 billion 
spermatozoa, of which about 90 per cent are alive. Semen with 
high concentrations is usually slightly acid in reaction, while that 
with low concentrations is slightly alkaline. An alkaline reaction of 
the semen is often associated with poor quality and low fertility. 
The motility is characterized by a s^virling motion so rapid that it is 
difficult to distinguish individual sperm. Normal spermatozoa are 
shown in Figure 37, and some abnormal forms are shown in Figure 
38. From 5 to 15 per cent of the spermatozoa are abnormal in mor- 
phology. Greater proportions of abnormal sperm may indicate low 
fertility. Most common forms of abnormal sperm arc tailless and 
misshapen and have tapering heads, enlarged middle pieces, and 




adhered, coiled, or bent tails. Head abnormalities are most likely to 
indicate low fertility. 

The characteristics of goal semen are very similar to those o 
ram semen, as shown by observations on goat semen by Polovceva 
and Fomenko (1936), Mockel (1937), Phillips et al. (1943a), ShuUa 
and Bhattacharya (1949, 1952), Rao and Berry (1950), Eaton and 
Simmons (1952), and Dussardicr and Szumowski (1932). 

Ejaculates of ram semen with less than 1 billion sperm per c c., 
with a pn of 8.0 or higher, with slow, sluggish motility, and/or with 
more than 25 per cent abnormal sperm or more than 1 per cent ab- 
nonnal sperm heads are of doubtful fertility and should not be de- 
pended upon for artificial insemination. Similar limits will apply to 
goal semen, as showm by Wagenaar (1946). Se\eral ejaculates 
should Ik* examined o\cr a period of two weeks or more before a 
ram is judged unfit. Some rams tmprosc with use, and some decline. 
Often rams produce poor semen after a prolonged period of sexual 
Inactis-ily. ^ 
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STORAGE AND SHIPMENT OF SEMEN 

Ham or goat semen oas been stored successfully for fertile insemi- 
nation up to seven d ys (Green and Winters; Yosbioka cf ab, 19ol ■ 
Lardy et al (1945) state that ram spermatozoa retam motility cl 
ing storage longer than spermatozoa from other domestic animals. 
However, lo^^eled fertility often results even from 24 hours storage, 
and it is desirable to use fresh semen. This should be convenient 
where sheep are kept in large bands and inseminations are maa 
regularly Phillips et al (1940) shipped ram semen by air express 
2,600 miles. Some lambs resulting from these shipments are shown m 


Various temperatures from 0® to 10° C. have been 
for storage and shipment of semen. Temperatures near 0 C. (^ ■ • / 

seem to be optimum for ram semen, as sho\vn by Moore et al ( 194 ; • 
Diluted semen may be stored more successfully at higher tem- 
peratures, but difficulty with bacterial action may be encountered. 
Storage of ram semen at 20° C. in the presence of COs may be pre - 
erable (Blackshaw, 1958b). 

The procedure generally adopted by Phillips et al, (1940) for 
shipment of semen proved to be satisfactory. The semen was placed 
in small vials under mineral oil. These vials were corked, Nvrapped 
in cotton, and placed in larger vials (see Figure 34). Vacuum bottles 
were partially filled with cracked ice, and the vials were wapped 
in cotton above the ice. The amount of ice should be varied with the 


time required in shipment. 

Semen must be handled carefully if the sperm are to remain viable. 
Chang and Walton (1940) have shown that sudden temperature 
changes are harmful and must be avoided. Diluters and containers 
should be the same temperature as the semen to be added. Absolute 
cleanliness is essential. Semen should be cooled gradually for stor- 
age, although Blackshaw has shown that the presence of egg yolk 
in the diluent will largely pre\cnt cold shock. 

Storage of ram semen after freezing at low temperatures has not 
been so successful as storage of frozen bull semen (Emmens and 
Blackshaw, 1955). Fertile inseminations from frozen semen were 
made by Smirnov ( 1951). WTnle et al ( 1954 ) found that ram semen 
sho^^ed >ery little metalwlic acUvity after freezing, although this 
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was improved by egg yolk. Graga Araujo (1955) suecessfully stored 
frozen ram semen up to 45 days, although the rate of conception 
was low. First et al. (1957) obtained 17 per cent fertility with in- 
semination from frozen ram semen diluted with milk, 7 per cent 
glycerol, and 1.25 per cent arabinose, as compared with 64 per cent 
fertility with 0.2 ml. of fresh undiluted semen. Kuznetsov (1956) re- 
ported an average fertility of 33.5 per cent with frozen semen. Smith 
and Polge (1950) found good motility after thawing frozen goat 
semen. 


DILUTION OF SEMEN 

Dilution of the semen for storage appears to be beneficial in some 
cases. Minnesota workers ( Green and Winters ) have found that sheep 
sperm are preserved longer if an equal quantity of the following 
solution is added to the semen: Na2HP04.12H20, 15.4 gm.; KHsPOi, 
3.2 gm.; sterile distilled water, 1 1.; GaSOi, saturate. The pH should 
be about 7.0. Workers in Peru have found dilution to be essential for 
storage at high altitudes." However, Keast and Morley (1949) ob- 
tained conception rates of 60 and 69 per cent with undiluted semen, 
as compared with 47 and 56 per cent with diluted semen. 

Dilution of ram semen not only is beneficial for storage but is 
convenient for reducing the concentration so that an ejaculate can 
more easily be divided into a large number of doses. Kuznetsov 
( 1934 ) recommended that the number of ram sperm introduced into 
the cervix should not fall below 50 million. Milovanov (1934) re- 
ported that at least 500 million ram sperm were essential for vaginal 
insemination. Where convenient, it is desirable to allow a greater 
margin of safety. Panyseva (1940) found a direct correlation be- 
tween the number of sperm introduced and conception rate (r = 
0.8483 ± 0.0777). An ejaculate of 1 c.c. containing 3 billion sperma- 
tozoa diluted 1:9 and inseminated in 0.2 c.c. doses permits 50 ewes 
to be inseminated in the cervix with 60 million sperm each. Motility 
of ram sperm is greatly reduced or lost at relatively high dilutions of 
20 million to 0.06 million per ml. (Blackshaw, 1953). 

* Personal communication svith Mr. F. Accame regarding the work of Dr. 
Mauricio San Martin of the National Institute of Andean Biology, Huancayo, 
Peru. In general, he found the egg yolk buffer mixture to be very saUsfactorj'. 
This was confirmed by Easley (1951). 
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T' e egg yolk buffer mixlure developed by Lardy arf 
, 1939) L been a sat.sfactory diluent for ram semen. Equal vd- 
umes of fresh egg y K and sterilized phosphate buffer (0-2 
KHtpO. and 2.0^ ^a=HP0..12H=0 per 100 c.e.) are mixed thor- 
oughly by shaking ne pu of the mixture will be ve^ close to b.lO. 
if Lh it should b< adjusted by the addition of sterile M/15 buffe , 
described above Citrate or bicarbonate can be used to replace 
phosphate buffer without effect on the glycolysis (Moore, 1949). 
Moore also reports that sulfathiazole does not affect glycolysis an 
can he employed to control microorganisms. The replacement ot e 
citrate buffer with glycine has improved the survival of ram semen 
(Ahmed, 1955; Roy et at, 1956, and Skolovskaya et al, 1956). 

Yoshioka et al. (1951) used two diluters for sheep or goat semen, 
each ot which increased the conception rate from 56 to 65 per cent. 
One diluter consisted of 2 parts of 2 per cent boric acid (H3BO3) y 

volume with 1 part of 1 per cent sodium bicarbonate (NaHCOsJ-T is 

was added to the semen in the ratio of 1 :3. The other diluter consiste 
of equal volumes of 0.3 per cent sodium sulfamerazine and 0.2 per 
cent homosulfamine. This was dissolved in 5 per cent sodium citrate, 
and the solution was added to the semen in the ratio of 1:1. 

Milk appears to be useful as a diluent for ram semen, as shown 
by Istvan (1956), Filimon et al. (1956), Macpherson (1957), and 
Hillef al (1958). 


MANAGEMENT OF EWES 

The most difficult practical problem to solve in artificial insemina- 
tion of sheep is the managing of a large number of ewes under 
normal feed conditions while allowing the detection and sorting of 
ewes in heat at a central concentration point. This would be fairly 
simple under feed lot or farm flock conditions, but it is quite com- 
plicated on the range, where tramping and overgrazing near corrals 
must be avoided. Fortunately, ewes are bred in the fall, when the 
range forage is least susceptible to injury. The best solution seems 
to be with the use of temporary corrals which can be readily moved 
from place to place. 

Slieep as well as goats generally have restricted breeding seasons. 
Artificial insemination will be most successful at the height of the 
breeding season, which usually falls between September and De- 
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Figure 39 Corriedale ewes and their tombs ot Beltsville, Morylond These tombs were 
sired by roms at Duboi$< Idaho through artificial insemination (Courtesy Unifed 
Sfotes Deportment of Agriculture ) 


cember in the northern hemisphere (McKenzie and Terrill, 1937, 
Phillips et al , 1943a, b ) 

Ewes in heat can be detected only by actual trial with a teaser 
ram Ewes in heat will stand and allow the ram to mount Rams with 
aprons to prevent service may be used as teasers, but vasectomized 
rams are probably more satisfactory Even then, it may be necessary 
to prevent service with an apron part of the time to maintain the 
sexual aggressiveness of the ram 

Teaser rams may be painted on the brisket and allowed to run 
with tlie ewes at all times Wool grease mixed with powdered paint 
pigment makes a highly satisfactory raddle or paint Application on 
alternate days is adequate ( Kelley et al , 1942 ) Jackets may be used 
to hold the paint, as illustrated by Barreto and Filho (1944) Mark- 
ing harnesses holding colored crayon can be used for marking ewes 
although some inaccuracy can be expected The rams will mount any 
ewes in heat and leave paint marks on the rumps of these ewes 
Then they can be sorted out 1>> running the band through a cutting 
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i. ^ nl (1942) s ale that those ewes which have been 

Ued'can be read.ly separated from^those that 
speculatively. Some e. cs may not he marked until after y 
been in heat for sevc . hours, as rams normaUy show 
toward individual e s Some ewes in heat tend to follow the rain 
and thus escape hi. attention for a while. However, Kelley ( 
found a low percentage of error in detecting ewes m heat by this 

Another method of detecting ewes in heat, which may be more 
thorough but requires more labor, is to beep the 
corral and systematically tease the ewes in groups of 50 to iw o 
more. Kelley et al. (1942) have teased about 250 ewes wth iU 
vasectomized rams in a yard 25 by 40 feet. This paclced 
loosely enough to let the teasers work through them but close y 
enough to enable the ewes in heat to be caught easily. The teasers 
had generally found all of the ewes in heat in about 45 minutes. 

Ewes in heat should be removed as quickly as they are detectea 
The teaser rams should be selected for their aggressiveness, an 
sterile service should be allowed occasionally. Teaser rams can be 
broken to lead and can often be trained to follow the observe m 
and out of the pens. A combination of the two methods of checking 
ewes for estrus would seem most efficient. Some teaser rams could 
be run %vith the band at all times. Ewes which were paint-marke 
could be sorted out twice daily, and a rapid check could be made of 
the remainder of the flock, using fresh teasers. Ewes which have been 
served, as indicated by the paint mark, should be inseminated, even 
though they may be out of heat by the time of insemination. Kelley 
et al (1942) have found that some of these ewes Nvill become preg- 
nant from insemination after the end of heat. 


INSEMINATION OF E^\'ES 

The process of insemination is very simple and with proper or- 
ganization can be quickly accomplished. Necessary equipment illus- 
trated in Figure 34 consists of a speculum, head lamp, and a s>'ringe 
or pipette. Various specula may be used. A piece of pyrex glass 
tubing about % inch in diameter and 6 inches long with polished 
edges is \ ery satisfactory. It is inexpensive and is easily cleaned. A 
small flashlight or speculum light may be used instead of the head 



195 


Sheep and Goats 

lamp. An ordinary 1 c.c. pipette graduated to the tip with moutli 
tube or nibber bulb is very convenient for insemination. It must be 
filled with the correct amount of semen for each ewe. It is desirable 
to use a clean pipette for each insemination. Any rough edges on 
the tip should be carefully smoothed. Other useful devices have been 
developed for introducing tlie semen in the cervix, such as the one 
described by Robinson (1956). 

A special crate or breeding stall may be constructed to hold the 
ewe for insemination. Minnesota workers ( Green and Winters ) have 
devised a simple crate for small numbers of ewes which holds the 
ewe firmly and permits the rear quarters to be elevated. Quinlan 
et al. ( 1941 ) have found that the metliod of holding a ewe on the 
ground, partly on her side and back, with the front and hind legs 
pulled togetlier, was less laborious and equally effective. Argentine 
workers (Ross, 1942) have devised a revolving platform with three 
crates so that three men work simultaneously: While one man is 
putting a ewe in a crate, anotlier is inseminating, and the third is 
taking a ewe off. Tliis method appears to be very efficient, particu- 
larly for large-scale operations. Mr. Ross reports that it is possible to 
inseminate 110 ewes per hour. To eliminate stooping, tlie crates may 
be elevated, or a pit may be dug for the operator. Similar equipment 
for inseminating sheep is illustrated by Barreto and Filho (1944). 

In the process of insemination the pipette should first be filled 
with the correct amount of semen. The speculum should be lubri- 
cated with oil, vaseline, or gum tragacanth and carefully inserted 
into the vagina. By observing with the head lamp and manipulating 
the speculum the cervix may be located. It is often turned to one 
side and must be straightened by manipulating the speculum. The 
pipette is then introduced through the speculum and is inserted into 
the cervix. It is usually not possible for the pipette to enter tlie 
cervix more than one-eighth to one-quarter inch. The semen may 
then be slowly and gently expelled into the cervix. 

The amount of semen to be used for insemination must be gov- 
erned by several factors. Only a verj- small volume should be in- 
troduced into the cervix, as large amounts may cause pain and are 
likely to overflow into the vagina. A volume of 0.05 to 0.2 c.c. has 
been found to be practical for the ewe. This amount should contain 
a minimum of 50 to 100 million sperm. Normal undiluted ram semen 
should contain about 150 million sperm per 0.05 c.c. The number 
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r,‘ rf rm actually intror<uc< < bove the minimum could vary accord- 
m the amount of -emc collected and ‘’><= ™^ber °f 
heat at any given tin A iinimum as low as 5 million P 

as having been fairU urccssful in Uruguay, 

The designation available for each ewe, should be recorded 
along with the da- of service and identification of 
than one is used These data should be useful as breeding records 
in addition to allowing chechs on the success -''"'1 
operations. Large-scale operations may be facditated by branding 
each ewe with the date or symbol indicating the date of 
tion (Cummings, 1939). Small number-brands made with wo 
branding paint are satisfactory. These ewes may be run in sep. 
bands for about 12 days after insemination, thus reducing the w 
of teasing and also cutting down the size of the band which mus 
be trailed to the corral. After the first 12 to 14 days, each successive 
daily group can be sorted bach into the band which is 'wrought in 
for teasing. Ewes which do not rctiiro in heat within 36 to 40 days 


may generally be considered pregnant. ^ , 

The estrual cycle of the ewe is normally about 17 days in lengtn» 
with from two-thirds to three-quarters of the cycles falling within 
16 to 18 days and only about 10 per cent falling outside the range 
of 14 to 19 days From 5 to 10 per cent of the ewes in a band may 
be expected to come in heat in each of the first 14 to 16 days, pro- 
vided inseminations are not commenced before the breeding season 


IS well under way. The greatest number of ewes in heat can be ex- 
pected on the first day, as many ewes will be sorted out that have 
already been in heat for some time. A sharp reduction in the number 
of ewes in heat each day will be noted after 14 to 16 days, unless 


many inseminated ewes return In heat. When ferhlity is low, ewes, 
which later prove to be nonpregnant, may fail to return in heat at 
the end of the first cycle If large numbers are to be inseminated, 
the bands may be staggered at 17 to 20-day intervals. Also, this is 
often necessary to facilitate work at lambing time so that a small 
crew can work over a longer period of time. 


Ewes normally remain in heat about 30 hours, although the dura- 
tion may vary from a few hours up to three days or longer. The time 
of ovulation in relation to the onset of heat may vary considerably. 
McKenzie and Terrill (1937) found that ovulation in the ewe gen- 
erally takes place near the end of estrus. Inseminations made after 
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tile end of heat are less likely to be successful than those made just 
before the end of heat. Therefore inseminations must he made fairly 
early in the heat period, or ewes with the short heat periods will be 
missed. The optimum time of insemination would appear to be just 
before ovulation or near the end of the heat period. Therefore if all 
ewes are to be inseminated at least once and also at the optimum 
time during heat, it is necessary to inseminate at intervals. 

It has been generally observed that if more inseminations are 
made per heat period, a higher degree of fertility results. However, 
it may be more important to obtain a large number of pregnancies 
per season from one outstanding ram than to obtain a high per- 
centage of pregnancies in a limited time. It may be advantageous 
during the first 14 to 16 days of the breeding season, to inseminate 
each ewe only once or not more than once each day she remains in 
heat. Then on the second round, when fewer ewes are coming in 
heat, each ewe may be inseminated more often. It would hardly be 
practical to inseminate more often than twice daily as long as a ewe 
remains in heat, and it may be Impractical to inseminate any ewe 
more than three times in any one heat period. If ewes are to he in- 
seminated only once in the heat period, a safe plan is to inseminate 
about 12 to 24 hours after tliey are first observed in heat. In prac- 
tice, it is desirable to allow for considerable flexibility above the 
minimum requirements, both in the number of inseminations per 
heat period and in the number of sperm per insemination, depending 
on variations in the number of ewes in heat, length of the heat 
periods, and the number of spermatozoa collected. 

The estrual cycle of the doe is longer than that of the ewe and 
generally more variable. Studies made by Arriola (1936), Polovceva 
and Fomenko (1936), Phillips et al. (1943b). Barretto and Filho 
(1945), and Fugazzotto (1947) show average cycle lengths as short 
as 8 days, with the majority reporting averages from 19 to 23 
days. Duration of estrus in the doe is reported by the same workers 
as ranging from 18 hours to 4 days. 

PLAN Fon ARTIFICIAL INSEMINATION OF SHEEP 

A crew of three men, including one professional worker, either a 
veterinarian or animal husbandman and trvo laborers should be 
able to handle about 1,000 ewes at a lime. Facilities should include 
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a corva! for sorting a band . ns size, with a large 
hnldmg pens for a mas -nn- . of about 200 ewes (in heat), 20 tease 
rl, fnd one stud la , a. u one or more reserve fd -m. Means 
for collecting semen ^d a small shed, tent, or trailer for 1=*°^ 
equipment will al^ ,c needed. Inseminating crates ananged on a 
“merry-go-round Jcvice with connecting chutes may be advisaBl^ 
although the method of holding a ewe on the ground or on a low 
table might be equally efficient and would not require any special 
equipment. 

The professional worker will collect, examine, and dilute seme 
while the laborers are checking and sorting out the evyes in ea . 
This will require from two to three hours. The first morning al ewe 
in heat will be inseminated, and after that only those ewes that were 
checked in heat the preceding half-day or earlier and which re 
mained in heat will be inseminated. The number of ewes to insenu 
nate in any half-day will vary from about 50 to 125. It will be 
sary to collect at least three ejaculates and perhaps more. From 5 to 
10 billion spermatozoa will be needed. 

The insemination of the ewes will require from one to two hours 
and may be carried out after the remainder of the sheep have gone 
out to feed. One laborer places a ewe in the crate and the other takes 
one out, while the professional worker is inseminating a ewe and 
recording her number. If the method of holding the ewes by band 
is adopted, one laborer will be bringing up the next ewe while the 
other man is holding the ewe being inseminated. Each ewe should 
be branded to indicate the dale of her first insemination. 

The entire procedure will be repeated twice daily, except that m 
the afternoon the collection of semen and the insemination wU be 
completed before the ewes are brought in for teasing, since the ewes 
sorted out in the evening will be inseminated first the following 
morning. It is advisable to allow a rest period during the middle of 
the day so that collections and inseminations can be spaced as near 
to 12 hours apart as possible, depending on the length of day. 

If several thousand ewes are to be inseminated from the stud ram. 
it may be desirable to inseminate each ewe at only one beat period 
roller than to continue insemination through other estrual cycles, 
^us, after about each 17 to 20 days an additional 1,000 ewes would 
be added to the group being teased, and aU ewes already insemi- 
nated would be cut into separate bands. Rams should be turned 
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with these ewes to breed any which failed to become pregnant 
from the insemination. 

BESULTS fhom abtificiai. insemination of sheep 

Published results from experiments with artificial insemination 
of sheep range from complete failure to nearly eomplete success. 
Insemination at only one heat period per ewe with fresh semen has 
resulted in from 30 to 75 per cent of pregnaneies. This can be in- 
creased by insemination at successive heat periods. Quinlan et al. 
( 1941 ) obtained 95 per cent pregnancies using fresh semen at three 
successive heat periods. Anderson (1945) gives results of insemina- 
tion of more than 11,000 sheep on farms in Kenya, with an average 
of 76 per cent of the ewes lambing. A 75 per cent lambing from 
natural service is considered satisfactory for Merino sheep in Kenya, 
However, Anderson ( 1941 ) has noted that many ewes that do not 
conceive from artificial insemination also do not return in heat within 
17 to 19 days. Gutierrez Fabre (1948) reports conception rates from 
60 to 82 per cent from artificial insemination of 38,000 ewes in 
Uruguay. Natural mating of range sheep in the United States usually 
results in 85 to 95 per cent of pregnancies after a 25- to 60-day 
breeding period. It is not expected that artificial insemination will 
show a higher rate of fertility than natural mating unless the method 
of natural mating is deficient in some manner. 

High fertility from artificial insemination of goats has been re- 
ported, with conception rates ranging from 92 to 97 per cent 
( Kosenberger, 1944; Wagner, 1949; Schmidt et al., 1950), although 
Blokhuis ( 1957 ) obtained 48 to 51 per cent pregnancies with single 
Inseminations. Guha et al. ( 1951 ) obtained 78 per cent pregnancies 
from the first insemination, 7 per cent by a second, and 6 per cent 
by a third. Setinski (1956) obtained a conception rate of 55.5 per 
cent to the first insemination of goats and an over-all rate of 76.1 
per cent. He obtained better results witlr cervical than with vaginal 
insemination, with undiluted than with diluted semen, and with 
fresh rather than stored semen. 

Kuznetsov (1956) reported that over 28 million sheep were in- 
seminated in the U.S.S.R. in 1955. About 45 per cent of the sheep 
on collective farms were artificially inseminated. 

Published work has demonstrated that if artificial insemination of 
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.beer nd goats is caicful’j mductcd tinder favorable 

the results will compare ~ rt. mtorily with those from natural matrng 

under similar conditi' > 
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Horses and Jackstock 


VICTOR BERLINER 


Although artificial insemination has gained its greatest develop- 
ment and economic importance through its utihzation in the breed- 
ing of dairy cattle, the first systematic exploitation of this breeding 
method took place with another class of livestock, namely horses. 
It was the work of the Russian physiologist E. I. Ivanoff, at Russian 
government stud farms at the beginning of this century, that directed 
the attention of the public and the scientific world to the possibilities 
of this new breeding system. Crude as his methods were, compared 
with the ones used today, his work with horses has to be considered 
the pathbreaking pioneer work that finally led to the high accomplish- 
ments of artificial insemination of today. The stories that the Arabs 
had used artificial insemination hundreds of years earlier for pur- 
poses of war, by inseminating, secretly, mares of their enemies mth 
semen of inferior stallions, with the intention of weakening the 
strain, obviously have to be relegated to the realm of fiction; because 
in the light of the present knowledge of the difficulties involved, such 
an accomplishment could not have been possible. 

The shifting of the large-scale use of artificial insemination to 
cattle and sheep did not take place simply because of the fading 
importance of horses; there were also reasons of a technical nature. 

Shortly after World War I, Russian workers in animal breeding, 
attempting to apply the findings of Ivanoff in artificial insemination 
of horses to otlier classes of livestock, found that witli these animals 
205 
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pro..es. was quieter and ea,.,r because the PV/io'ogj^l 
.sm of reproduetion in ca lk md sheep svas more favorable than Aat 
m horses; sperm of bul and rams arc of a stronger constitution than 
stalUon sperm, and in lie females of these species the reproductive 
processes are less co .^plicated than in marcs. i . .1 * of 

In recent years .uiisidcrable progress has been made in the trea - 
ment of stalUon and jack semen, so that now artificial insemination 
is used with satisfactory results. Many difiicuUies are still encoun- 
tered with the mare because of the complexity of her reproduc ive 
mechanism, even though these can be counteracted, to some exten , 
by artificial insemination itself and by hormonal therapy. 


THE PHYSIOLOGY OF IlEPRODUCTIOX OF THE EQUINES 

It is generally known that a mare stays in heat for many 
There was a time when it was believed that this extended period wr 
mating should increase the fertility rate, on the assumption that by 
staying in heat for a long time, instead of only a few hours, a female 
had greater opportunity for becoming pregnant; for it was not 
recognized that there is only a short period in which the service or 
insemination must take place in order to result in fertilization and 
impregnation, namely, near the time of ovulation. 

Contrary to the older opinion, ovulation is entirely independent 
of the act of copulation; it is brought on by other factors. At onset 
of heat the time of ovulation cannot be predicted, as the length of 
the interval between onset of heat and ovulation is highly irregular. 
Also, stallion sperm cannot live long in the mare; they survive only 
for a matter of hours, as a rule, between 24 and 48, and longer only in 
exceptional cases. Therefore, only the sperm of a service performed 
within this time limit can effectuate fertilization of the liberated 
egg; for those of a service given earlier will be dead by the time the 
egg becomes available for fertilization. 

The reverse situation may happen, too. If a service is given too 
late in the heat period in relation to ovulation, the liberated egg 
will die before it can be reached by a spermatozoon; the unfer- 
tilized equine egg perishes within about five to eight hours after 
ovulation. Also, it takes the sperm five to eight hours to cover the 
distance from the site of deposition to the Fallopian tubes, where the 
egg IS at this time (even though some sperm may be found there as 
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soon as 15 to 18 minutes after coitus). For tliis reason services given 
shortly after ovulation rarely, and those given later than two hours 
after ovulation hardly ever, result in pregnancies. 

In the wild state, or under range conditions with tlie stallion 
running with a small herd of brood mares rarely exceeding twenty 
or thirty head, the stallion will serve a mare several times during 
her heat period; and under such a herd breeding system a pregnancy 
rate of 80 to 90 per cent is quite common. On the other hand, with 
the usual method of hand breeding as commonly practiced under 
farm conditions, frequently the mare is taken to the stallion or jack 
only once, usually as soon as she starts to show signs of heat. The 
pregnancy rate with this method is far below that with herd breed- 
ing. rarely more than 50 per cent and frequently much less. To imi- 
tate the herd breeding system with its high conception rate, but 
without overtaxing the breeding power of the stallion or jack, has 
become the chief function of artificial insemination in horse breed- 
ing. 

This would require that the mares in heat he available for service 
during tlieir entire heat periods. Under many breeding setups this 
is not practical, and it is not possible to give services at frequent 
intervals. For tliese reasons it is imperative for the successful oper- 
ator to be able to deduct, from certain sjTnptoms coincident witli 
heat, when the best time to breed a mare is at hand. This holds true 
even though the modem breeder lias now at his disposal means of 
regulating the natural course of the reproductive processes by the 
use of hormonal preparations. Through their proper application 
some of the obstacles can be reduced or eliminated, but hormonal 
therapy serves princip.illy as an adjuvant to the natural mechanism. 
The methods of hormonal therapy suitable to horse breeding will be 
discussed later. 

The Breeding Season of Mares. In horse breeder parlance the 
breeding season is that period in which the horse breeding opera- 
tions are performed. It depends on economic and management fac- 
tors, such ns when it is most suitable to have the colts dropped, hut 
it also is influenced by seasonal factors. 

Mares under domesticated conditions and in moderate climates 
do not h.ave a definite mating season; but the seasons of the year have 
a noticeable influence on the degree of reproductive perfonnance, 
through an inlcrmcdiats' action of the nutritional regime and through 
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1 > ett effect of decreasing ,r increasing daylight and high or low 

SeasLal Influence.- mi M.ircs and Jennets. Observations made a^ 
the Mississippi Exp., mint Station (Table XI) are presented to 
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show that seasonal factors inBuence breeding functions, such as the 
heat period, the heat cycle, and the breeding efficiency. Similar 
observations have been reported by many other investigators from 
all over the world and were reviewed by the \vriter elsewhere. 

Generally, a heat period of from three to eight days’ duration is 
considered normal for a mare. Actually, most heat periods fall into 
the range of five to eight days, and only a small fraction of the heat 
periods lasts for less than three and four days. 

The influence of seasonal factors is brought out by the fact that 
during the winter the breeding rhythm becomes extremely irregu- 
lar, many mares stay in heat a long time, often for several weeks, and 
others fail to come in heat at regular intervals. Only a small per- 
centage of mares become pregnant during seasons of irregular 
cyclic phenomena, and it is not advisable to continue breeding them 
the full time they are in heat in view of the low probability of con- 
ception If they are still in heat after four services, they should be 
ahowed to recuperate As the season progresses, with better nutri- 
tion, prolonged illumination, and milder weather, the heat periods 
tend to shift into the range of the desirable short periods of three 
to six days, the heat cycles become shorter and more regular, and 
the settling percentages increase accordingly, with less work and 
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fewer breedings. It is interesting, and of practical importance to 
the horse breeder, that the return of a high state of reproductive 
capacity in the mare is preceded and advertised by the shedding of 
a rough winter coat of hair, according to investigations by English 
and Japanese workers. 

It is equally important to know when to expect a mare to be back 
in heat after breeding so that it can be determined whether she 
became pregnant or not. It is an old practice to perform this check 
18 days after the mare has been bred, regardless of the length of the 
heat period during which the service was given. Another method is 
to take the last day of the heat period, and to figure that 16 days 
after she ceased to show heat she will be back in heat if she has 
not become pregnant. 

Neither of these two methods is entirely reliable because of the 
irregularity in length of heat cycles. From the presented data it can 
be seen that in tlie majority of cases tire time between the first day 
of one heat period and the first day of the next will be 16 to 28 days, 
a wide range in itself. At seasons with unfavorable environmental 
conditions the length of the heat cycle in approximately 60 per cent 
of the cases is over 25 days; even under favorable conditions a sub- 
stantial number, large enough for practical considerations, have a 
cycle longer than 25 days. The tendency is toward short cycles 
during the summer and long cycles in the fall and winter. 

Also, the interval between two heat periods, when tlie mare is out 
of heat, is by no means constant at 16 days. It varies even during 
the favorable breeding months and is dependent upon the lengtli of 
the preceding heat period— a short heat period is usually followed 
by a longer rest period and vice versa, but an individual may run 
every possible combination of long or short heat periods followed 
by short or long rest periods in spite of the seasonal tendencies. 

One single checkup, made 18 days after a service has been per- 
formed, in numerous instances may fall either into the rest period 
preceding or into the one following tlie subsequent heat period. 
The same may happen when one depends solely on a rigid rest 
period of 16 days between heats. Tliesc unreliable cheeking methods 
are one reason why many marcs do not have a fdal every year. Tliey 
are cheeked at the wrong time and are considered in fo.al if they are 
not receptive to the stallion, and they are not bred ag.ain when they 
come in heat later on. 
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The breeding habits of jennets do not differ fundamentally from 
those of mares, but some individuals may show still greater irregu- 
larities. 

The length of tlie heat period varies in the same range as in mares, 
three to eight days, and is longer in unthrifty animals. In contrast 
with the mare, the jennet may have short heat periods of only one 
and two days’ duration, not during summer, but in the fall; and 
consequently some jennets settle easier, with fewer services, at tliis 
season than in the spring and summer. The intervals between heat 
periods may become very long at any one season. 

Signs of the Best Time to Breed a Mare. From the previous dis- 
cussion one can recognize the difficulties confronting the horse 
breeder, especially when it is not possible to breed a mare several 
times throughout each heat period. The optimal time for insemina- 
tion is several hours before ovulation, but the problem is to ascer- 
tain when it is going to happen. 

The approach of ovulation can be ascertained by palpation of the 
ovary through the rectum, to determine the size and the condition 
of the follicle. This procedure requires great skill of the operator, 
and it is not infallible, since the size and consistency of the ovary 
and the follicle vary greatly from case to case. 

More useful for the ’-reeder are several other signs that appear 
during heat. They are hi ought on through the influence of hormones 
released from the ripening follicle, and they beeome intensified as 
maturation of the folliele progresses and liberation of the egg ap- 
proaches. 

The first of these signs is the behavior of the mare toward tlie 
stallion. ^Vhereas at the beginning of heat she shows only a fair 
interest, her interest becomes more intensified the closer she is to 
ovulation. 

The second indicator is the character of the vaginal discharge. At 
the start of heat it is stringy and glary. At the peak of heat, close to 
ovulation, it is present in iirofusc amounts and is of liquid con- 
sistency. It is cither thrown off by the mare or is accumulated in the 
vagina. As tlie mare goes out of heat after ovulation, the mucus 
becomes more concentrated, sticky, grayish-milky in appearance, 
and finally a gummy mass that sticks to the walls of the s^agina. 

Some marcs of sluggish nature show their reaction to the stallion 
in a very undecided manner, or do not exhibit any reaction. In such 
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. ■ -np has to roly oil a anual exploration of the vagina. It is 
oLiious that for this him! oi v.-ork elose observance of hygienic con- 

‘"‘iHL^Tott !, It the walls of the vagina stick togcOicr ^nd 
are roueh to the ton. Ii With onset and progress of heat it becom 
easy totroducc the hand, because the walls are now covered with 
slippery mucus, and theyfecl smooth and velvety. If these symptoms 
are present, U is safe to conclude that the marc is in heat. 

Now one can proceed to obtain additional information concerning 
the stage of heat in relation to approach of ovulation. At early 
the cervix is firmly constricted, but with advancing heat the walls 
the cervix become relaxed, soft, and flabby, first at the tip, an 
throughout. Shortly befbre ovulation the tone of the ' 

creases; it becomes sensitive to touch, resulting in more or 
rhythmical relaxations and contractions, movements that apparently 
are connected with, the process of receiving and transporting le 
semen during mating. At this stage, the cervix is centrally locate 
and easily found, wliemas at earlier heat stages it lies to one side, 
or on the floor of the'vagina and is less accessible. If one palpates the 
ovary at this stage, ode will find a large follicle that feels like a 
filled blister. Often \he mature follicle can be ruptured by sligh 


pressure. 

This period, with all signs of approaching ovulation, may persis 
for several days, because sometimes the final ripening of the fol- 
licle before rupture is retarded, and ovulation is delayed. If no arti- 
ficial means are applied to force ovulation, the breeder has to repeat 
services as long as sighs for intensive heat and approaching ovula- 
tion are detectable, so that a constant supply of sperm will be avail- 
able when the egg Iflnplly is liberated. If 48 hours after the last 
service the mare is still in beat, she has to be rebred. 

The changes during heat, as described for the mare, are also found 
in the jennet. Usually, but not always, intensity of heat in a jennet 
can be recognized her peculiar chewing movements. She also 
will ride other jennets or stand to be mounted, acting in this respect 
more hke a cow than a nlare. However, by no means are all jennets 
easily detected when in heat. Many will show these symptoms with- 
out the presence of a-jack; others have to be checked very carefully 
with a teaser. In jfmnets that fail to demonstrate the outward signs 
of heat, the internal changes have to be relied upon for determina- 
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tion of presence and stage of heat. They are identical with those 
described for mares. 

Breeding at Foal Heat. When considering the best time to breed 
a mare, the question of breeding at foal heat always comes up, be- 
cause for a long time breeding on the ninth day after foaling was 
considered the safest way to produce pregnancy. Investigations in 
recent years have shown that foal heat may start as early as two days 
and as late as eleven days after foaling, and even later. Foal heat 
may last just as long as any other heat period. If the “ninth-day 
service” is followed by cessation of heat 48 hours later, the chances 
for conception are good. If the service is given on the first day of a 
heat period of, say, five days’ duration, the ehances are less. Hence 
breeding on the ninth day after foaling is by no means a guarantee 
for conception. 

Furthermore, it was observed that in many mares the uterus has 
not “cleared up” by foal heat, and is especially apt to become 
infected. Many progressive horse breeders have abolished breeding 
at foal heat, and start breeding during the next heat period, which 
in most cases will set in 26 to 30 days after foaling. 

HOHMONAL THERAPY 

The role of hormones in reproduction and hormonal therapy is 
discussed in a separate chapter. Here, only those methods of hor- 
monal therapy will be discussed that are applicable to tlie correction 
of physiological inadequacies in the mare, namely subnormal ovarian 
function and late ovulation in the estrous period. 

Subnormal ovarian function appears in three forms: as deep 
anestrus, as shallow anestnis, and as incomplete manifestation of 
heat, usually referred to as "silent heat." 

Deep anestrus with cessation of all ovarian activity is fairly rare 
in the healthy mare, but it may set in under extremely adverse 
climatic and nutritional conditions and is a natural occurrence with 
advancing ago. The ovaries become small and shrunken, are of an 
unelastic consistency due to a prcponderanee of fibrous tissue, and 
contain no palpable follicles. Hormonal therapy of all kinds has 
proved to be useless, because such ovaries, due to a low blood 
supply, seem to be incapable of rcsironding to a hormonal stimula- 
tion. if caused by environmental factors, spontaneous recuperation 
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^et in with improved miiritional and seasonal factors, without 

""" mesinis. and also in th.e 
heat” behavior, the m arms do function, f 

They grow cyclic foli.Jes, but these apparently fail to 
ficient amounts of estrogen to make the marc '‘P 

of the ovaries and the vagina would reveal that cyclic cha 8 
place. The ovaries are of a spongy consistency and contain p P 
follicles of about 1 to 2 cm. in diameter, and the vaginal wa 
covered with mucus. , ^ 

Some mares stay persistently in shallow ancslnis even un g 
true breeding season, possibly due to a pnctically ^Y,st 
hormonal apparatus that causes this condition of subfcrtilit), J 
on the border of sterility; but a state of shallow ancslrus is a sea- 
sonal appearance in most mares as a transitional stage e ore 
onset of the season of highest reproductive capacity. 

Shallow anestrus and silent heat can be corrected by hormon 
therapy. It has been reported that follicle-stimulating hormone 
(PMS) injected subcutaneously in doses of 1,000 inlernationa 
units stimulates the underactivc follicle to grow to maturity, an 
to secrete sufficient amounts of estrogen to make the mare come m 
heat, and to initiate normal cyclic behavior. It also has been reporte 
that both these defects can be corrected by subcutaneous administra- 
tion of rapid-acting estrogen preparations in quantities small enoug ' 
to stimulate the pituitar>' into increased activity; 10 to 15 mg. o 
dienestrol or stilbestrol in a suitable vehicle will induce stimula- 
tion of an undeveloped follicle toward maturation and ovulation, 
accompanied by manifested heat. It takes about four to eight days 
for this development, so that service can be performed approxi- 
mately one week after treatment. Slow-acting estrogen prepara- 
tions or too large doses have the undesired effect of still further sup- 
pressing the already hyxioaclive pituitary. 

Late ovulation, typical even in normal mares, also can be cor- 
rected with hormonal therapy. Intravenous injection of the luteiniz- 
iug gonadotrophic principle from human pregnancy urine in amounts 
of 1,000 to 2,000 international units, administered after the mare 
has come in heat, induces ovulation in 24 to 48 hours. Identical re- 
sults are also obtained with the subcutaneous injection of 5 to 10 mg- 
of dienestrol, also applied after the mare has come in heat. The 
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administered estrogen presumably stimulates the pituitary to re- 
lease the luteinizing principle at an earlier stage, thereby forcing 
ovulation sooner than it would occur without stimulation. Insemina- 
tion or natural service should be performed 12 to 18 hours after 
treatment. 


SEMEN PBODUCTION OF STALUONS AND JACKS 

Semen production of stallions and jacks differs greatly from that 
of bulls and rams; it is in many respects similar to tliat of the boar. 
Stallions and jacks discharge large volumes of semen, an ejaculate 
ranging from 25 to 150 ml., although some individuals give as much 
as 400 ml., and with others as little as 15 to 20 ml. may constitute a 
complete ejaculate. Stallions of the warm-blooded breeds in general 
give the smaller ejaculates, but these are of a higher sperm con- 
centration than the voluminous ejaculates from draft stallions and 
jacks. After a sexual rest period the first ejaculates tend to be 
larger; and, inversely, in too frequently used animals tlie later 
ejaculates become smaller. The drop in semen quality with too 
frequent services is more rapid in stallions and jacks than in bulls 
and rams. Only highly fertile animals can give two services daily, and 
then only for a short period; but a regime with one service every 
other day throughout the breeding season apparently provides a 
sufficient time interval for recovery. Experiments, and practical 
experience as well, have shown that feeding exerts a significant 
influence on the semen-producing performance. Animals either in a 
too high condition or in an unthrifty one produce semen of low 
sperm content and low viability. Green grass and oats are essential 
for high-quality semen production. 

If studs arc not used for several weeks, the first ejaculates may con- 
tain a large proportion of dead and stale sperm, and this semen 
should not be used for breeding. 

The semen of stallions and jacks is much thinner than that of hulls. 
The range of sperm concentration is rather wide, between 30 and 
800 million sperm per ml., depending on the sperm-prodneing ca- 
pacity of each indixidnal, and also on the feeding and service 
regime. Semen with a sperm concentration of less than 100,000 
sperm per ml. is not suited for artificial insemination. 

Stallion and jack semen differs from that of other species also in 
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ma> ■^et in with improved n itntional and seasonal factors, without 

any further medication i,-i.:im,r "silent 

In mares in shallow a mvtrus, and also in those exhi g 
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follicles of about 1 to 2 cm. in diameter, and the vaginal wa 


covered with mucus , 

Some mares stay persistently in shallow anestrus even un g 
true breeding season, possibly due to a genetically 
hormonal apparatus that causes this condition of subfertihty, ] 
on the border of sterility; but a state of shallow anestrus is a s 
sonal appearance in most mares as a transitional stage be ore 
onset of the season of highest reproductive capacity. 

Shallow anestrus and silent heat can be corrected by hormon 
therapy. It has been reported that follicle-stimulating hormone 
(PMS) injected subcutaneously in doses of 1,000 Internationa 
units stimulates the underactive follicle to grow to maturity, an 
to secrete sufficient amounts of estrogen to make the mare come m 
heat, and to initiate normal cyclic behavior. It also has been reporte 
that both these defects can be corrected by subcutaneous administra 
tion of rapid-acting estrogen preparations in quantities small enoug 
to stimulate the pituitary into increased activity; 10 to 15 mg o 
dienestrol or stilbestrol in a suitable vehicle will induce stimula- 
tion of an undeveloped follicle toward maturation and ovulation, 
accompanied by manifested heat. It takes about four to eight days 
for this development, so that service can be performed approxi- 
mately one week after treatment. Slow-acting estrogen prepara- 
tions or too large doses have the undesired effect of still further sup- 
pressing the already hypoactivc pituitary. 

Late ovulation, typical even in normal mares, also can be cor- 
rected with hormonal therapy. Intravenous injection of the luteiniz- 
ing gonadotrophic principle from human pregnancy urine in amounts 
of 1,000 to 2,000 international units, administered after the mam 
has come in heat, induces ovulation in 24 to 48 hours. Identical re- 
sults are also obtained with the subcutaneous injection of 5 to 10 mg 
of dienestrol, also applied after the mare has come in heat. The 
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administered estrogen presumably stimulates tlie pituitary to re- 
lease the luteinizing principle at an earlier stage, thereby forcing 
ovulation sooner than it would occur without stimulation. Insemina- 
tion or natural service should be performed 12 to 18 hours after 
treatment. 


SEMEN PRODUCTION OF STALLIONS AND JACKS 

Semen production of stallions and jacks differs greatly from that 
of bulls and rams; it is in many respects similar to tliat of the boar. 
Stallions and jacks discharge large volumes of semen, an ejaculate 
ranging from 25 to 150 ml , although some individuals give as much 
as 400 ml., and with others as little as 15 to 20 ml. may constitute a 
complete ejaculate. StalUons of the warm-blooded breeds in general 
give tlie smaller ejaculates, but these are of a higher sperm con- 
centration than the voluminous ejaculates from draft stallions and 
jacks. After a sexual rest period the first ejaculates tend to be 
larger; and, inversely, in too frequently used animals the later 
ejaculates become smaller. The drop in semen quality with too 
frequent services is more rapid in stallions and jacks than in bulls 
and rams. Only highly fertile animab can give two services daily, and 
then only for a short period; but a regime with one service every 
other day throughout the breeding season apparently provides a 
sufficient time interval for recovery. Experiments, and practical 
experience as well, have shown that feeding exerts a significant 
influence on the semen-producing performance. Animals either in a 
too high condition or in an unthrifty one produce semen of low 
sperm content and low viability. Green grass and oats are essential 
for high-quality semen production. 

If studs are not used for several weeks, the first ejaculates may con- 
tain a large proportion of dead and stale sperm, and this semen 
should not be used for breeding. 

The semen of stallions and jacks is much thinner than that of bulls. 
The range of sperm concentration is rather wide, between 30 and 
800 million sperm per ml., depending on the sperm-produeing ca- 
paeity of eaeh individual, and also on the feeding and scrs'icc 
regime. Semen with a sperm concentration of less than 100,000 
sperm per ml. is not suited for artificial insemination. 

Stallion and jaek semen differs from that of other species also in 
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to the significanc*^ of the proportion of morphologica^ 
’f' -rmal sperm forms: An abnormality count of 300 per 1, 
sperm is encountered -'ven in semen of highly fertile stallions an 
jacks, a proportion in bull and ram semen would indicate irn 
paired fertility In erconditioned animals that do not get enough 
exercise, and duir g extremely hot weather, the abnormality coimt 
increases, especially the forms with head abnormalities, including 
very small lieads, and a large proportion of sperm wll be dead at 


collection or will die within a few hours. 

Stallion sperm and jack sperm have a low viability. Even in mo 
em diluents they survive only for a few days and retain their fer- 
tilizing capacity for less than two days. 

The PJii/sioIogy of Semen. The sperm cells of the stallion an 
jack, like those of other animals, utilize as sources of energy the 
sugars present in the semen. However, the sugar content in stallion 
and jack semen is relatively low and quickly exhausted, so that the 
sperm perish from starvation. Also, natural anabiosis due to acidifi^' 
lion by lactic acid formation does not occur because of the alkalin- 
ity of stallion semen, which is caused by the high proportion of ac- 
cessory seminal fluid. The seminal fluid from the accessory sex glands 
is also high in salt concentration, and this stimulates motility of the 
sperm cells, thus inducing their death by exhaustion. It also has an 
adverse effect on the capsule of the sperm head by causing its 
destruction. This capsule of stallion sperm is reported to be struc- 
turally weaker than that of bull and ram sperm. 

With natural ser^'ice and with artificial insemination alike, semen 
cannot be deposited into the sperm life-preserving area of the cer- 
vix, because in tlie marc the cervix is not anatomically equipped to 
serN-e as a holding space for the semen. It is deposited instead into 
the uterus. The environment in the utenis, however, is not favor- 
able for prolongation of the life span of sperm. Therefore, prO" 
longatlon of sperm survival both in vitro before insemination and 
in the uterus after breeding has to be achieved through treatment 
of the semen w ith proper diluents that counteract the harmful effects 
ol the constituents of seminal fluid and of the uterine environment 
Such diluters are described in a later section. 

Expcrmicnts have showTi that stallion and jack sperm survive liest 
vvhen the semen is diluted in a ratio of 1 part semen to 3 to 5 parts 
ol diluter. .\ho\c this ratio the lime of survival decreases with in- 
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figure 4h Grade Shetland ponies raised by Bells' Pony Farm, Bellmawr, Mew Jersey. 
The two ponies under saddle are the small type, under 42 inches high 


creasing dilution rates, until with a dilution of 1 to 10 the survival 
period is only slightly longer than that of undiluted semen. Semen 
of high density, as produced by highly fertile stallions, is less sub- 
ject to the unfavorable effects of high dilution rates than thin semen 
from poor producers. 

Another factor regulating the degree of dilution is the required 
sperm number per insemination dose. Experimental breeding re- 
sults indicate that each dose should contain not less than 1 to 2 
billion sperm. 

The most important consideration for dilution extent is the size 
in volume of each dose. It is now well established that in equincs 
large volumes are more advantageous than the small volumes that 
were used in earlier days. For small and open mares and jennets, 
doses of 10 to 20 ml. are adequate; but for large mares and for those 
in which the uterus is still extended through a preceding preg- 
nancy, the dose has to be at least 30 to 40 ml. Still larger doses have 
to be gixen if tlie semen is originally of low concentration. Even 
though such semen would provide the necessary volume without 
further being diluted, it still should be diluted at least at a 1:1 ratio 
in order to introduce the protective ingredients in the diluler. To 
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compensate for the now rednced sperm concentration, the injection 
of doses amounting to over 100 ml. occasionally may become neces- 
sary, but these can be handled with the now available instruments. 

The reason lor the need of these large insemination volumes in 
equines is not well understood, but it may have its explanation in the 
anatomical structure of the mare’s uterus and in the site of semen 
deposition With artificial insemination of cows and sheep the fact 
that one-quarter to one-half of the insemination dose is deposited 
in the cervix improves the chances for sperm preservation, and t us 
only fractions of the ejaculate are needed. This is not true in t e 
mare, and here the large volumes of the insemination dose apparently 
are needed for more adequate transportation of the sperm mass. 
When stallion semen that has been stored is used for inseminatii^, 
it is well to remember that the survival period of the sperm in the 
utems decreases proportionally to the length of the preceding 
storage period. Therefore stored semen has to be given at frequent 
intervals, not more than a day apart, so that a new supply of fresh, 
even though short-lived sperm is available^ and close observation for 
approaching ovulation becomes mandatory in order to time insemi* 
nation to ovulation. For the time being, in view of the unsatisfactory 
results with storage of stallion semen, the use of stored semen is 
not well adapted to routine breeding practices 

SEMEN COLLECTION 

In earlier days, a widely used method of obtaining semen was that 
of collecting the last parts of the ejaculate as the stallion dismounted. 
This method, although simple, is inadequate, not only because of the 
inferior quality of this semen fraction but also because it frequently 
becomes contaminated with dust and dirt and because suflBcient 
amounts are not collectable. Another method was to let the stalhon 
or jack serve a mare and to collect the semen out of the mare. The 
disadvantages here are that the semen gets mixed with the contents 
of the reproductive tract of the mare and becomes unsuited for 
forage. Furthermore, if the mare harbors any kind of infectious 
bacteria, they will be carried witli the semen to other mares. For 
these reasons these methods are no longer recommended. 

Quite^ satisfactory results can be obtained with the so-called 
breeder s bag, because the semen collected in this manner is free 
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from the contaminations of the mare. This bag is made of rubber 
and is applied to tlie penis of the stallion before he mounts. It is 
difficult to apply on some stallions and jacks; it also often slips off 
as he dismounts. If the outside of the bag gets covered with the 
mucus from the mare, the semen may become contaminated with 
disease-carrying germs from the mare as it is poured out of the bag. 
Unsatisfactory for the same reasons were the methods in which a 
bag-like contraption was placed in tlie vagina, serving as a receptacle 
for the ejaculate; it also was extremely difficult to adjust this kind 
of semen collector in the vagina. 

Finally, a method was worked out whereby the semen could be 
collected in an artificial vagina. For the work with bulls and rams, 
the first models of this type were so satisfactory that hardly any im- 
provements had to he introduced, but considerable difficulties were 
encountered in developing a suitable model for stallions and jacks. 

The Artificial Vagina. The original artificial vagina for stallions, 
constructed by Russian and British workers, consisted of a metal 
tube, about 15 to 20 cm. in diameter, ending in a cone, to which 
was attached the semen receptacle. The water jacket was formed 
by a rubber lining as in tlie vagina for bulls. This outfit was heavy 
and complicated to handle. In an attempt to develop a more efficient 
instrument, two models were constructed independently by Ameri- 
can workers, tlie so-called Missouri-USDA model by McKenzie, and 
the Mississippi model by the writer. 

As these pieces of equipment are not commercially available, a 
description of their structural features is given here so that they can 
be assembled by prospective users. 

The Missouri-USDA model was described by Lambert and Mc- 
Kenzie (1940): 
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placed around the inner tube near the open end. This simulates the 
sphincter muscle oE the mare and aids materially in making collec- 
tions from stallions ” , 

The Mississippi model, shown in Figure 42, was built on tne 
principle that stimulation for ejaculation in the stallion is brougn 
on, not through the sphincter, as stated by McKenzie, and as it is 
in the bull and ram, but rather by the pressure of the anterior vaginal 
wall against the glans penis. This effect cannot be obtained in t e 
open-ended models, and therefore in this model the forward end is 
closed off by a clamp that is removable in order to facilitate clean- 
ing 

An improved version of this model is made of one piece of rubber 
tubing 36 to 48 inches long and 7 to 8 inches in flat diameter. To 
provide for the water jacket the tubing is turned inside out over a 
stiff rubber ring that forms the entrance end. This ring is suitably 
made from an 18-inch-long piece of rubber tube with ends joined 
together by an inserted piece of wood. After the ring is manipulated 
into the proper position, it is fixed in place by cementing together 
the inner walls of the tube by two or three patches. 

A water inlet is provided by vulcanizing into the outer wall a stub 
of rubber hose that can be closed by a rubber stopper. 

For the outflow of the ejaculate, a concentric hole of approximately 
XVj inches in diameter is cut into the outer and inner layer, and the 
edges around the hole are cemented together. At the same time a 
stub of rubber hose is fitted into this hole to serve as the connector 
to the semen receptacle. Next, the edges of the outer and inner layer 
at the other end are cemented together so that now the entire struc- 
ture is a two-walled tube open at both ends. 

Two loops of rubber material are cemented to the outer wall to 
serve as handles, as showm in the picture. The clamp for closing one 
end is simply made from two strips of hard wood with two thumb- 
screws. 


When the vagina is made ready for use. the clamp is put in place, 
and the water jacket space is filled with hot water until the pressure 
in the vagina is adjusted according to the size of the studs and their 
in iMdual preference. The temperature has to be regulated so that 
“2° F.) in the interior of the 

Inhrtoni:'™ “ nonspermicidal 






figure 42. ArtiHclal vagina for stallions. Mississippi Model, U.S A. 

A mare in heat is used at the time of collection, and as a pre- 
cautionary step she should be restrained by hobbles and her tail 
wrapped by a bandage. Stallions and jacks can also be trained to 
work on a dummy. Elcctrocjaculation to our knowledge has not 
been tried with stallions. 

As the stallion mounts, the penis is guided by hand into the 
vagina, but the vagina must be held firmly against the flank of the 
mare and not pushed towards the stallion, so that the stallion has to 
make the forward thrust that elicits ejaculation as soon as the glans 
hits the anterior wall. Manual pressure is also helpful. 

Unlike the bull, which gives off the ejaculate with one sudden 
thrust, the st.dlion and jack ejaculate for about 10 seconds, and the 
semen is expelled in scscrnl fractions. The first fraction is of water)’ 
eonsislcnc)’ and does not contain live spermalo/oa. During the sub- 
scfjuent main phase the ejaculate comes from the testes and con- 
tains spennal070a in high concentration. This fraction has a milky 
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appearance due to the presence of spermatozoa. During the final 
phase, a glar>', viscous matdial is expelled, resembling egg white, 
that comes from the secondary sex glands, the seminal vesicles, aii 
Cowper’s glands, uhich contribute the bulk of the seminal liquid 
but do not produce* spermatozoa. 

The discharge from these glands may make up half of the volume 
of the total ejaculate of draft stallions; in semen of jacks and saddle 
stallions it is present in smaller amounts. In the earlier days of the 
practice of artificial insemination this portion was cauglit in a con- 
tainer and used for artificial insemination, because this fraction 
was easy to obtain, being partially discharged as the stallion dis- 
mounts. The results of this system were frequently unsatisfactory, 
for the sperm concentration in this portion is only about one-tenth 
of that in the sperm-carrying portion of the ejaculate, and therefore 
not enough sperm were introduced into the marc. 


HANDLING AND TREATMELST OF SEMES 


Since the sperm cells arc very sensitive organisms, cleanliness is 
absolutely essential. Exposure to air is not detrimental, but it in- 
creases the probability of contamination with bacteria and dust. 
Therefore semen should be kept in closed containers. Ordinary drug- 
store medicine bottles, with graduation marks to make the addition 
of diluter more accurate, are very suitable for this. 

Diluter is added to the semen as soon as it is collected, regardless 
of whether it is to be used for immediate inseminations or for 
storage and shipping. It must be wanned to approximately body 
temperature before it is added. It is mixed uniformly with the semen 
by rotating movements, avoiding vigorous shaking which is harmful 
to sperm. 


With semen containing a large portion of the glary, viscous ma- 
terial, some difficulty may be encountered in obtaining an even 
mixing. Since this viscous fraction interferes with the storing quali- 
ties o semen, it is best to separate it from the sperm-containing frac- 
faon immediately after collection; this is done by tilting the bottle un- 
til the m^s of the glary material can be pushed out with a glass rod. 

^070 n" semen is placed in water 

tel , “"dition it is kept ready for 

mseimation rvithin the next few hours. 

I it is necessary to use part of tiie same ejaculate on the following 
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days, it is essential to divide the ejaculate, after it is diluted, into 
doses of proper size in small containers so that only the dose that 
is to be used has to be reheated, thus avoiding resuscitation of sperm 
in those portions that will be stored longer. 

When preparing semen for storage, it is essential to cool it as soon 
after collection as possible in order to bring on quickly that state 
of reduced motility of sperm cells which is necessary to preserve 
their energy. 

With egg yolk diluter the cooling process can be rapid. Placing tlie 
bottle into a refrigerator or into a thermos jug containing ice water 
with a temperature of 5° to 10° C. (40° to 50° F.) is the most effec- 
tive measure. 

pnEscniPTioNS for diluters 

In recent years tliere has not been much activity in the search for 
new improved diluters for stallion semen. 

Table XII, based upon work at the Mississippi Experiment Sta- 
tion, gives the composition of several diluters and their efficiency. 


Table XII. Composition of Dihiters and Their Effect o.n the Lo.voeviTT 
OF SpER.\t OF Jacks and Stallions 


Diluter * 

Formula and 

items compared TGL-2 

TGL-3 

TGL + 
gelatin 

TGL + 
egg 
yolk 

TGL-1- 

m 

yolk + 
gelatin 

Egg yolk 

4- phos. 

Formula of diluter, in 






gm. per 100 c.c. water: 






Glucose 5.70 

G.4S 

5.70 

5. 70 

5.70 

(2.0 gm. 

K-Na tartrate .07 

.33 

.07 

,07 

.07 

NnjIIPO. 

Tartaric acid 

.01 




-f 0.2 gni. 

Tannin 

.002 




KllrPO,) 

Peptone -2 

.S 





Egg yolk (c.c.) 



30 

30 

100 

Gelatin, ns capsules 


1.8 


l.S 


Remarks Suit- 

Suit- 

Not 

Suit- 

Verj* 


able for 

able for suit- 

able for goo<l for 


immedi- 

24 hra. 

able for storage 

storage 


ate UHC 

storago 

storage 





* Tor a diwurjian of tlie TGL dilutci?, ht MiloiTinov, 1II3G. 
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The CBR volk-phosphate (hliitcr as presented m the table has the 
sale eolVosU.on as^the one used for eattle In ‘>>e -penence [ 
the writer, it has not gnen quite as good results as '>« ^ 

luters but Missouri workers stated that addition of 10 g n glucose 
to the egg >olk phosphate increased its cITicicncy as stallion seme 


'other investigators found later that for stallion sperm adequate 
amounts of egg yolk and glucose arc more important than the butters 
m a diluter, for a simple dilutcr made up of equal parts of egg >o 
and 5 per cent glucose solution gave better sperm sunnal than ttie 
buffered egg yolk diluters 

rrcnch workers reported recently that superior sperm survival 
obtained when the egg yolk m the egg y olk-tartrate diluters is re- 
placed by boiled, filtered milk, and survival for at least four ^ys 
resulted if condensed milk was used m place of natural milk Tms 
diluter consisted of equal parts of commercial condensed milk wiui 
60 per cent water content, and Milovanov’s diluter, containing 6 8o 
per cent glucose, 0 15 per cent K-Na tartrate, and 0 008 per cent 
tartanc acid, to which were added 06 per cent sulfanilamide 
Deep free 2 ing of stallion semen has not been studied to a great 
extent, and so far it seems that the method so highly effective for 
bull semen is not applicable to stallion semen 

The usefulness of chemothcrapeulics and antibiotics for stallion 
semen diluters has not been investigated to the same extent as for 
bull semen diluter It appears that about 100 to 200 units of the anti- 
biotics per ml diluter and 0 3 to 0 6 per cent sulfanilamide exert an 
antibacterial effect on stallion semen without damaging the sperm 
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because by neglecting it a rapid spread of infectious diseases of the 
sex organs of the females may result and nullify the benefits of 
artificial insemination. 

Before insemination it is advisable to insert the hand into the 
vagina and to scoop out the accumulated mucus, mine, and so on. 
This is especially important in aged mares in which the position of 
the pelvis has ehanged so that the floor of the vagina is lower than 
the vulva. If tlie accumulated material is not removed, it may flow 
into tire cervix during insemination and damage tlie deposited semen. 
Care should he taken when introducing the hand that no air flows 
into the vagina, since stable air is always filled with bacteria and 
dust. 

The next step is insemination. Two methods are commonly used. 
In one the diluted semen is poured into a one-half-ounce gelatin 
capsule holding 10 ml. of semen, and the capsule is quickly intro- 
duced by hand into the cervix and pushed with the forefinger well 
into the uterus. For large and nursing mares several capsules are 
given successively, or else the entire dose is given in one-ounce 
capsules. 

Widi the other method the semen is poured into a bottle holding 
about 40 to 50 ml. (1 to 1.5 oz.), which is equipped with a nibber 
stopper witli two glass tubes, a long one reaching to the bottom of 
the bottle and a short one reaching just below the stopper. To the 
long tube is attached a catheter rubber hose of approximately 30 
inches, and to the short tube a pressure rubber bulb or simply a short 
rabber hose. The catheter hose is introduced by hand into the cervix 
and into the uterus for about ten inches, tlie cerx’ix is clamped off with 
the fingers, and the semen is now pumped into the utenis by the 
rubber bulb. 

The second method is useful for insemination of jennets, because 
they have a longer and more tortuous cen’ix than mares, which 
makes it difficult to introduce a capsule, and also for maiden mares 
when the cen'ix is too constricted to admit a capsule freely. Its chief 
advantage comes when large nursing marcs have to bo bred, and 
when semen of low sperm density has to be used, both cases requir- 
ing large doses of 60 to 120 ml. (2 to 4 oz.), wbicb would have to 
be given in several capsules. 

Deep deposition of the semen is essential in a mare with a loose 
cers’ix with insufficient tone to close firmly after scrx’iee. 

Between inseminations of each marc the catheter tulie is tbor- 
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ouj*hU de.ined and disinfi ( » a to climuiatc the- danger of spreading 
disease It IS safer to } t\( * nnmlior of interchangeable catheters 
and to use a fresh ont ior « «.h marc. 
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Poultry 


J. ROBERT SMYTH, JR., AND F. P. JEFFREY 

Artificial insemination of poultry has become established as a 
valuable technique in both industry and research. Although the 
commercial chicken breeding flock is seldom artificially inseminated, 
specialized breeders have found many ways to use the lechniqu^ 
The turkey industry has utilized artificial insemination to a much 
greater degree than any other in the poultry field. Much of the 
progress in breeding heavy and broad*breastcd turkeys has come 
about through extensive use of artificial insemination. As a matter of 
fact, some of the larger and meatier strains can barely reproduce 
themselves naturally, but over 80 per cent of their eggs will be 
fertile following artificial insemination. Very little artificial breeding 
of waterfowl has been practiced to date, but it would not be sur- 
prising to find considerable acceptance in the future. Artificial in- 
semination has proved to be a particularly valuable tool in the field 
of poultry research. 

According to Griffini (1938), Ivanoff artificially inseminated birds 
as early as 1902 by killing the male and then drawing off semen from 
the terminal bulbs of the seminal ducts, but it is apparent that this 
method would have only limited application. Payne (1914) allowed 
chickens to mate naturally and then quickly removed the semen from 
the cloaca with a small spoon. It was found possible to inseminate 
other hens with this semen. Amantea (1922) collected semen from 
the male domestic fowl by intercepting the semen just prior to the 
228 
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consummation of a mating. The methods of Payne and Amantea re- 
quire the presence of an attendant at the time of natural mating, and 
in addition the technique of the latter requires an unusual amount 
of alertness and dexterity. Other techniques were developed in 
which semen collectors were fastened either to the body of the male 
or to that of the female, thereby collecting the semen automatically 
when the birds attempted to mate naturally. For e.xample, Ishikawa 
(1930) collected semen from the domestic fowl by fastening an 
artificial cloaca on the hen. Tinjakov ( 1933 ) described an artificial 
semen collector which is fastened around the cloaca of the male. 
Successful semen collections have been made with electrical stimu- 
lation from both chickens and geese by Serebrovsky and Sokolov- 
skaya (1934) and from ducks by Watanabe (1957). 

Quinn and Burrows ( 1936 ) and Burrows and Quinn ( 1937 ) were 
the first to describe a practical method of semen collection. Their 
manual massage technique is tlie basis, witlr slight modifications, 
for all modem techniques involving the collection of semen from 
chickens, turkeys, or waterfowl. This method can be used at any 
time convenient to the operator, provided the male bird is properly 
handled. 

In poultry tlie term “fertility” means only that embryonic develop- 
ment has been initiated. “Hatchability” is the term used when de- 
scribing the relative success of chicks in emerging from the shell. 
For example, a fertility of 90 per cent and a hatchability of fertile 
eggs of 80 per cent would result in a 72 per cent hatch of all eggs set. 

THE CHICKEN 

Male and Female Reproductive Systems. The anatomy of the 
chicken male reproductive system is remarkably different from that 
of domesticated mammals. The testes are located within the body 
cavity— which would cause sterility in most mammalian species. 
There is a duct system consisting of paired epididymides and vasa 
deferentia. Acccssoiy glands, such as seminal vesicles, Cowper’s 
gland, or a prostate gland, arc not to be found. The vas deferens does 
increase slightly in diameter just prior to entering the cloaca, and 
some semen is stored in this bulbous region. The chicken has no 
functional counterpart of the mammalian penis, although a nidi- 
mentar)’ penis or copulatoiy organ is present in the cloaca. The 
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a cork or rubber stopper. The distance from the stopper to the fun- 
nel lip may be varied to suit the size of the hand of the operator. A 
one-cubic-centimeter tuberculin syringe, graduated in hundredtlis, 
is an ideal vehicle for transferring measured dosages of semen into 
the oviduct of the hen. A 1 per cent solution of table salt should 
be available to rinse the equipment between samples when pedi- 
greed males are being handled. If semen is being collected from a 
group of males, and then mixed prior to insemination, some type of 
storage tube should be available. If one attempts to collect a num- 
ber of samples of semen from different males in only one collection 
cup, there is the danger of contamination of the combined samples 
by one contrary male. 

Management of the Cock. The cock must be segregated from hens, 
and preferably from fellow cocks. It is usually impossible to collect 
semen from a cock running witli hens. Best results are obtained when 
die males are caged individually; small wire cages, 20 by 20 inches, 
with either wire or wooden floors are satisfactory. Males should 
be isolated from females at least 24 hours before attempting to se- 
cure semen from tliem. It is helpful to handle and ejaculate the 
male several times before making a serious attempt to obtain semen, 
although some males respond well on the first attempt. Thoroughly 
trained males may have to be handled carefully and quickly to avoid 
loss of semen through premature ejaculation. Neitlier semen yield 
nor semen quality is adversely affected by collections as often as 
three times a week for indefinite periods. If there is a problem of 
contamination by watery or loose droppings, it usually pays to in- 
crease the feeding of whole cereal grains and cut down on mash or 
pellets. 

Collecting Semen from the Cock. The simplest way to collect 
semen by the massage method requires two operators. One holds 
the bird while the second concentrates on stimulating the flow of 
semen and catching it in a funnel or cup. As will be described later, 
one man may do the entire job, but considerable skill is required and 
there are some definite disadvantages. The one holding the bird 
should grasp the thighs and at the same time hold some of the wing 
feathers to prevent flapping. The bird should be held in a horizontal 
position at a height convenient to the operator who is attempting to 
secure the semen. The bird may be held cither under the arm or 
against the body. 
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To collect semen the operator should place the palm of his left 
hand against the fleshy tail and at the same time push the tail fathers 
up and out of the way. The thumb and index finger of the left hand 
should be in position on either side of the cloaca and close to it. The 
left hand now is in the appropriate position to squeeze out semen at 
the appropriate time. The right hand holds the collection funnel. 
Since both the thumb and the index finger are needed for the mas- 
saging process, the cork or holding part of the collection funnel must 
be held by the remaining fingers. Operators differ in the number 
of fingers required to hold the cork, but in general the more fingers 
available for massage the better the results. The sides of the soft part 
of the abdomen are massaged at a level beneath the pelvic bones. 
Massaging should be rapid and continuous until the male responds 
by protruding the papillae from the cloaca. Once the papillae arc 
fully protruded, the previously positioned thumb and index finger 
of the left hand can milk or squeeze out the semen (see Figure 44). 
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Since the semen is stored in the bulbous vasa deferentia in back of 
the papillae, it is important to start tire squeezing from a position 
back of the fully protruded papillae; tire most common mistake of 
beginners is to squeeze too soon or before protrusion is complete. 
Several squeezing motions should be made in order to secure maxi- 
mum yields. 

One-man methods of semen collection involve either the use of 
a mechanical holding device or the ability of one person to hold, 
stimulate, and collect the semen by himself. Homemade stands with 
adjustable straps may be used to secure the male, but they are slow 
to work with, and frequently either overly excite untrained males or 
stimulate semen emissions before they are wanted from trained 
males. A useful device has been described by Gabriel ( 1957 ) which 
should eliminate these disadvantages. Her method involves the use 
of a metal cone shaped Uke tlie conventional one used in killing 
chickens. The male, with head down, is put into the cone so that 
his legs and abdomen protrude from the rear. The exact size of such 
a holding cone would depend on the size of the bird. One suitable 
for average-sized males is 11 inches long with a 6-inch diameter at 
the wide end and a 5-inch diameter at the narrow end. 

The simplest one-man technique was described by Mueller 
(1949). Tlie operator sits down and holds the male in his lap with 
the head of the male facing to his left. The bird is held in place by 
securing his legs between the knees of tlie operator. Botli hands are 
tlien free to proceed witli the conventional massaging. Another 
method has been described by MTieeler (1948) in which the male 
is held between the thighs of tlie operator. By standing in a knock- 
kneed position he may hold tlie male with a minimum of pressure. 
Initial sexual excitation is produced by stroking down the back sev- 
eral times with particular emphasis in the region of the fleshy tail. 
As soon as the papillae protrude, tlie thumb and index linger of the 
left hand should be placed in position on opposite sides of the cloaca. 
Then, quickly picking up a collection funnel with the right hand, the 
operator squeezes semen into it with the milking motion of the 
thumb and index finger of the left hand. 

Since the urinnr>' and digestive tracts also empty into the cloaca, 
it sometimes Itappcns that semen samples become contaminated xvitli 
cither fecal material or while chalk)- urates. It has been our experi- 
ence that a small amount of urates docs not adversely affect fertilizing 
c.ipacity of the semen sample, if used shortly thereafter. Fecal con- 
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tammation does reduce fertilizing capadty and unless 
removed promptly it is best to discard the sample Occasionauy 
small amounts of blood become mixed with the sample 
i^ury to the papillae For the most part such contammatron s not 
serious, altliough it may not be desirable to include ^ 

in a pooled semen sample. Males which pass blood shoul 
for a few days and handled carefully thereafter. u a f -r, 

Inseminating the Chicken Hen. The most common method ot in- 
seminating the hen is the one described by 
(1937). It requires two people, with the first operator holding 
female firmly by the lower thi^s with his left hand and at the same 
time holding the hen against his body. The right hand « use 
evert the oviduct. To do this the thumb is placed above the cloaca, 
and the fingers and palm on the abdomen below the cloaca. Eversion 
is accomplished by exerting pressure with the right hand. Since t ere 
is but one functional oviduct— the left— vaginal protrusion wi ^ 
noted in the left side of the cloaca. The opening in the right si e 
of the cloaca is that of the intestine. Eversion is not difficult to 
about in laying hens unless they are overly fat, in which case addi- 
tional pressure may be required. Eversion of the vagina in non-layers 
is usually not possible. As soon as the oviduct is everted, the second 
operator inserts the tuberculin syringe to a depth of about one inch 
(see Figure 45). Just before iniecting the semen, the abdominal 
pressure is released to avoid squeezing the semen bach out of the 
oviduct. Once the oviduct has relumed to its normal position, the 
bird may he released. 

Mueller (1949) has described a one-man technique for inseminat- 
ing females. The hen is held securely in the left hand with its right 
leg between the index and second fingers and its left leg between 
the third and fourth fingers. Unless there is excessive struggling the 
middle fingers may also he used to apply pressure to the lower ab- 
domen. Next the right hand is used in everting the oviduct, and 
once it is everted, enough pressure should he applied with the middle 
fingers of the right hand to keep or hold the eversion. The right hand 
is now free to he used for injecting the semen. Mueller recommends 
a ^dualed medicine dropper, although the one-cubic-ccntimetcr 

tlie'lhwntr operating the plunger with nudges by 

ScM-ral mwhfications of the insemination technique have been 



Figure 45 Inseminating the hen by the conventional two-man method 


c3eveJi7ped for inseminating iiens in caged layers without removing 
them from tlie cage. According to Moultrie (1956) bvo men can 
inseminate approximately 40 more caged hens per hour with his 
metliod than with tlie conventional technique. With his right hand 
the operator grabs the hen by the hocks and pulls the feet and shanks 
through the cage door, leaving the body of tlie bird resting on tlie 
floor of tlie cage. The legs must be held flrmly together so as to 
evert some pressure on the anterior abdomen. The left hand is then 
used in everting the oviduct, and a second operator injects the 
semen (see Figure 46). A similar technique requiring but one opera- 
tor has been described by Gabriel (1957). Witli this metliod the 
tliighs of the bird are held tightly from underneath by the Angers 
and palm of the left hand. Holding the thighs in this position re- 
sults in a partial crossing of the shanks and exerts an upward pres- 
sure on the oviduct. The thumb of the left hand is used to apply 
lateral pressure on the side of the abdomen. The combination effect 
forces out the oviduct, and the semen is then deposited by means of 
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figure 46 Insem not ng hens mamtoned m (ayng cages accord ng fo the method 
deserted by Moulire (1956) (Cowriesy Afoboma Agricuffurof Experimerrf Slot oo ) 


the right hand liens may be inseminated at the rate of 200 per hour 
with this method 

Direct deposition of semen into the uterus rather than the vagina 
has been shown recently to increase fertility under certain condi 
tions (Allen and Bobr, 1955 Allen and Gngg 1957) This technique 
should be of value for inseminating low fertility lines and for use of 
semen of questionable viability for example after freezing or after 
a holding period It is necessary to use a 6 to 10 cm glass cannuh 
as an extension for the regular syringe tip The cannula must be 
glided through the coils of the Nagma and into the uterus where 
the semen is released Previously, it is necessary to insert the fore 
linger into the vagina and probe to find the junction of the uterus 
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and vagina. Then the cannula is inserted and guided along the finger 
into the uterus. With e.\perience it may be possible to reach the 
uterus without probing with a finger. 

A completely different approach has been used by Van Drimmelen 
( 1945 ) . With this method tlie semen is deposited through the side 
of the body directly into the body cavity in the region of the ovary 
and upper oviduct. Considerable skill is required if serious damage 
is to be avoided. This tedinique might have considerable value in 
research studies of hens which remain infertile after insemination 
by conventional methods. 

Moore and Byerly (1942) found that the presence of a hard- 
shelled egg in the uterus greatly reduced the chances of a fertile in- 
semination. Accordingly, it is desirable to inseminate during tliat 
portion of the day when the fewest number of birds will have hard- 
shelled eggs in their uteri. This will usually be between 1 and 5 p.m., 
varying in part on the stage of production and on the artificial light- 
ing program being used. An egg in tlie uterus can be detected with 
ease by means of palpation. This is accomplished by inserting a 
finger into tlie intestinal tract and feeling for an egg. By this method 
it is possible to distinguish between eggs with no shell, slight shell 
formation, and hard shell. The authors have found it safe to insemi- 
nate up to the point where the forming egg shell is no longer crunchy. 
For maximum fertility, all hens should be palpated prior to insemina- 
tion. 

Semen Yields, Dosages, and Intervals Beliceen Inseminations. For 
most strains an average semen yield per male would fall between 
0.7 and 1.0 ml. per collection. A typical range is 0.2 to 2.0 ml. over a 
period of several months. With three collections per week, one 
group of single comb While Leghorn cockerels averaged 0.8 ml. of 
semen per collection or 2.4 ml. per male per week over a ten-week 
period. 

The standard recommended dose of whole semen per hen is 0.1 ml. 
However, e.\perienced operators obtain good results with half this 
dose, or 0.05 ml. A dose of less than 0.03 ml. results in lower fertility, 
and there is no advantage in inseminating witli more than 0.1 ml. If 
semen is diluted prior to insemination, the 0.1 ml. level is recom- 
mended. 

For maximum fertility the hen should be inseminated at seven-day 
interx’.als. The average duration of fertility following .semen introdue- 
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tion in the chicken is, for most strains, between 12 and ^ 
Weekly insemination is needed to take care of hens wi • 
average duration of fcrt.htv If only one insemination is to be mad ^ 
fertiliU' of about per cent may be expected for a , 

days. Unpublished data of the authors indicate that diiratio ^^^f 
fertility declines as the laying year progresses; therefore, . 
year it may he desirable to inseminate every four or five days. 


TIIE TUnKEY 

All the basic methods for inseminating turkeys arc based on the 
original descriptions of Burrows and Quinn. It is not neMSsar> 
describe the reproductive system of the turkey because of its c o 
similarity to that of the chicken. In general, it is more difncu 
obtain semen from a turkey tom than from a chicken cockerel; mor 
practice and skill are required on the part of the operator. ' 

it is still possible to do the job with the simple equipment listed o 
chickens. Because of the great economic importance of 
breeding of the turkey, it is natural that much thought and eifo 
have been placed on the development of labor-saving methods an 
equipment. To illustrate the importance of this technique in the 
turkey industry, it might be pointed out that one West Coast breeder 
planned to inseminate 150,000 hens during the 1959 season. 

Management of the Tom. Management of the tom is basically hke 
that of the cockerel. First of all, toms should be segregated from 
the hens. If it is necessary to use toms for both artificial and natural 
matings, they should be kept away from hens for 24 to 48 hours 
before handling. Because of their size, as well as the fact that large 
numbers are needed in most commercial operations, toms are rarely 
kept in individual cages. In case toms are kept in cages, solid floors 
are better than wire floors because of the danger of foot and leg 
trouble developing as a result of tlie wire or slats. Darkened quarters 
are recommended for the handling operation in order to facilitate 
catching and to prevent undue excitation. Overexcited toms tend to 
struggle, are difficult to stimulate, and frequently contaminate the 
semen with watery fecal material. Fecal contamination may be mini- 
mized by removing both feed and water about four to six hours prior 
to handling. In hot weather, however, it may be dangerous to deprive 
the tom of water. 

It has been observed by the authors that semen coUections may 
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be made as frequently as five times per week for a two-week period 
early in the season with no adverse effect on fertility, and only a 
slight decrease in volume of semen collected. However, the work of 
Lorenz et al. (1955) suggests that this practice may be harmful if 
followed for very long. Their results suggest that regular interr’als 
of two, three, or seven days between collections are all satisfactory 
in respect to semen yield. In fact, yields were observed to decrease 
when tire interv'al between collections exceeded one week (Lorenz 
et al., 1956 ) . 

The turkey is stUl a seasonal breeder and much irrfluenced by 
light. It rs a common practice to use artificial fights to produce late 
svinter and early spring poults. Once the toms have been stimulated 
by extra light early in the season, care must be taken tliat tlrey 
remain on this same fight ration rrntri the natrrral daylight hours are 
equal to tire artificial ones. If fights are cut out too soon or by acci- 
dent, semen production not only ceases but will not return for an 
extended period. 

Collecting Semen from the Tom. Basically the massage is the same 
as was described for tire cock, but some slight modifications are help- 
ful when dealing with difficult toms. Starting on the left side of tire 
tom, place the left hand on the back of the bird about six inches 
in front of the tail, with all fingers on the right side and the thumb 
on the left side. Slide the hand firmly toward the tail, and as tire 
tail is reached, slide tire thumb around to tire fleshy back portion. 
Next lift the tail rrp and back toward the front end of tire bird. All 
of this is but part of one continuous motion, and a dozen or so may 
be necessary to bring about a response. A response is defined as par- 
tial protnrsion of the papillae; trained toms usually respond after a 
single massage. Meanwhile, with the right hand, the operator should 
be massaging the abdomen along the underside of the pubic bones. 
After a partial response, he moves his left hand so that the palm is 
against tlie underside of the fleshy tail region, with the index finger 
and thumb positioned on each side of the vent. He should exert 
constant pressure with the tliirmb and finger toward the front end 
of the bird to aid in bringing about protrusion of the papillae. Milk- 
ing should be started as soon as the papillae are fully protruded. As 
with the chicken, the right hand is used in collecting the semen. 

The collector should have a soft, clean cloth available at all times 
so that ho can clean away fecal material in the area of the papillae. 
The cloth may he held in the right hand during the massaging and 
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F gore 47 An aspirotor type of Mmen collector wh ch sucks the semen mto a tube 
Immersed m a vacuum bottle The woter in the bottle should be kept at a tempera 
tore of 75* to 85* F (Courtesy Turkey World) 

used quicUy when needed This practice is valuable m secunng 
semen samples free of fecal material 

The one man technique of Gabnel (1957) may also be used with 
turkeys— using either a metal killing funnel or a wooden holding 
stand with straps or special leg holding devices The authors be 
hev e that the first practical one man turkey inseminator was de 
veloped by Edward McGarry, a Massachusetts turkey breeder For 
many jears he has worked alone in collecting semen by means of 
tipped killing cones and then inseminating the hens with the same 
equipment 
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Since a time interval of as much as one hour may exist between 
the initial semen collection, when the semen from many males is to 
mixed, and the insemination of the last hen, temperature control 
of tlie holding-bottle is frequently of value. This is particularly true 
when the air temperature is low— which is the case at insemination 
time in many parts of the country. Most of these devices are simply 
vacuum bottles with a fitted nibber stopper through which the 
holding-tube extends. An example of this is shown in Figures 47 and 
48. The water in the vacuum bottle should be between 75° and 85° F. 
for the average operation in whieh the total collection and insemina- 
tion interval is less than one hour. 

An aspiiator type of collector tliat replaces tlie collection funnel 
and the need of shifting semen to the holding tube has been de- 
veloped and is used widely on the West Coast ( see Figure 48 ) . One 
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operator stimulates seme., flow while the second n.ns the agitator 


which sucks up the semen 


and draws it into the holding tube. Ue 
holding tube is suspended .n a vacuum bottle (see Figure 4'^)' 
piece of equipment can be assembled from some S'ass =jnd rul^e 
tubing, a couple of rubber stoppers, and a vacuum bottle. It saves 
time but there is the danger of contamination with urates and lece . 

Inseminatmg the Turhej Hen. The basic problem is to apply sut- 
fieient pressure on the soft abdominal area so as to cause eversion or 
the oviduct. In the original method a helper holds the hen in i 
lap and applies pressure on the abdomen while the inseminator lo 
her legs. Following eversion of the oviduct the syringe shou ^ e 
inserted to a depth of approximately one inch. A faster and easier 
way than this is one in which the hen is placed head first throug 
the helpers legs and held in position by the thighs. The ho er 
can apply considerable pressure with his legs, while he is a so 
applying abdominal pressure with his hands (Figure 49). The in- 
seminator or someone else should hold the hen’s legs during the 
operation to discourage her from struggling and possibly injunng 
herself. . 

A number of holding devices, including a variation of the funnel 
method (as shown in Figure 50), have been developed in an attempt 
to save both time and labor. Another type is a series of killing funnels 
built into a wooden frame. The authors have found that the devices 
which hold the hen nearly parallel to the ground are superior to 
those which hold the bird in a perpendicular plane. In this latter 
position there is a tendency for watery droppings to run into the 
oviduct along with the semen. Figure 51 illustrates a desirable hold- 
ing position. 

Insemination should be done late in the afternoon to minimize the 
chance of finding hard-shelled eggs in the uterus. Some of the large 
turkey breeders do not bother lo palpate for presence or absence of 
hard-shelled eggs in the uterus, they feel that a saving in time is more 
valuable than the slight decrease in fertility that results when some 
of the hens carrying hard-shelled eggs are inseminated. 

Many turkey hens are inseminated shortly before laying their first 
egg, and in such cases a membraneous tissue, the hymen, is observed 
aCTOss the opening of the oviduct. This is normally broken either by 
the treading of the tom during the natural mating act or during the 
passage of the first egg. If the oviduct is easily everted, this mem- 


Figure 49. inseminating the turkey hen The osshtont holds the turkey firmly between 
his thighs with Its heod foremost and its wings free to envelop his thighs His hands 
are thus free to apply abdominal pressure and to evert the oviduct The Insemlnotor 
Is then ready to Insert the syringe of semen 

brane may be broken and the Iicn inseminated willi good results. 
i\fost of these membranes can be broken easily with llic end of tlie 
syringe, but there is individual variation between hens 

Several t>'pcs of automatic syringes which eliminate the necessity 
of measuring doses have been devised. Some arc modified dental 
syringes, like the one described by Tlmnnn (1931 ). This one has an 
extension on the outer piston n)d fitted with a retiinier spring and a 
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figure 50 Ute of funnel'thaped holder* for femole during the intern notion procett- 
Th t port culor model hot a heavy base for ttabity but con be moved from one 
locaton to onother vrithout dfTculty (Courtesy Turkey World) 


dose nut on the piston inner rod within the harrel A more elaborate 
type has been designed by Precision Devices Guilford, Connecticut 
(see Figure 52) It will deliver one dose of semen with each pul' 
of the trigger There is also a warming device which 6ts on the gun 
and keeps the semen at the right temperature during the operation 





Figure 51 A turkey inseminating team m action Note ongle of female on the 
holding table and points of pressure being applied by white^OQted helper (Courtesy 
Turkey World ) 

Semen YieJdi, Domges, and Inlenah Between Inseminalioivs 
Semen >ield per tom per collection xariei with the strain, hut an 
aserage figure is between 0 15 and 0 30 ml N'ote that the Mold from 
a tom IS consideralih less than that olitamed from the chicken mile 
Spenn cell concentration is much IiiRhcr in tiirkcs semen Ihm in 
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Figure S2 An outomatic tniemmator which delivers o meo»ured omount of 
with each p«ll of the trigger (Precuion Oevicei, Gvilhrd, Cenriecficufj 

that from chickens and m addition is more viscous and creamier m 
color Semen yield is greatest in the middle of the breeding season 
and poorest at the end of the season The authors have found that up 
to 7 or 8 per cent of all toms do not yield an> semen even thoug i 
they respond readily to repealed collection attempts 

A dosage of 0 025 to 0 035 ml of semen per hen will give satisfim 
tory results if the technique is good Some breeders increase tn 
dose to 0 05 ml late m the breeding season, but there is no experi- 
mental evidence to substantiate this practice Early in the season the 
average duration of fertility is between 40 and 50 days, but there 
IS a gradual decline as the season progresses A flock fertiht> ot 
85 per cent over a 30 day period has been observed following in- 
semination early in the season At first it is well to inseminate the 
hens every three or four weeks By the third month the interval 
should be shortened to two or three weeks, and even less than this u 
the season extends to five months 

DOCKS AND GEESE 

As early as 1934, Serebrovsky and Sokolovskaya secured semen 
from a gander by electneal stimulation Watanabe (1957) has also 
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been successful witli this technique. In addition, a manual massage 
method has been desciibed by Johnson (1954) and Watanabe and 
Sugimori (1957). 

The Reproductive Organs. The leproductive organs of ducks and 
geese are very similar, but botli differ in several respects from those 
of chickens and turkeys. A major difference is the presence of a well- 
defined penis in tlie drake and gander. The penis becomes quite en- 
larged during the breeding season and supplies definite evidence 
for sex determination m many varieties of geese. Just prior to natural 
mating, tlie waterfowl penis is extruded. Since the oviduct of ducks 
and geese cannot be artificially eveited, a different technique for de- 
positing the semen into the vagina is required. 

Collecting Semen from the Drahe or Gander. The manual massage 
method has been described by Johnson (1954) and is essentially 
similar to tliat used for chickens and turkeys. It would be repetitious 
to repeat this description, and the reader is referred to the two-man 
technique used for turkeys. Figure 53 shows a semen collection from 



flgvra 53. Colldcllng »em«n from the gondcr Note the protruded perth ond the 
coHeetton tube 
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a protruded penis of a gander. Setnen g “^tnlen 

penis and normally nms m a canal the l™f'y ™ "/“"j „f t,.e 

may be collected anvu here along the canal or caually 

organ, \\aiat has been ss-nlten here for the gander PP jy 
J& to the drahe Handling must be gentle in order to ^le^d^ 
ing; and fecal contamination can lie minimized h> re g 

at least six hours pnor to handling. ,l„cpribed by 

An electroqacnlalion technique for drakes has been > 

Watanabe tl9a7) gixing belter results than the 
method. One electrode is placed on the skin in the sacr g ^ 
the other one inserted in the vent. An alternating eurre 
and 0.06 to 0.03 amperes is applied for tlircc seconds at fi\ 
intervals-repeating three to five times. , 

Insemmaling the Duck or Goose. Since the oviduct cannot 0 
everted, it is necessary* to inject the semen directly into the \ g 
Johnson (1954) perfected a method in which 
locate the opening of the oviduct by palpating in a direction s ig X 
dow-nward and to the left in relation to the vent opening. Atter 
oviduct is located, a 25-inch glass tube, attached by a 
of rubber tubing to a standard tuberculin syTingc, is ^ided m 
it, Watanabe (1957) made use of a modification in which a me a 
speculum is inserted after the oviduct has been located. Then a g ass 
pipette containing the semen is inserted into the vagina by passing 


it through the speculum. 

Semen Yields, Dosages, and Intervals Between Insentinattof^^ 
Semen produced by draV.es and ganders is more watery and h^ 6SS 
color than that produced by chickens and turkeys. Concentration o 
sperm cells per milliliter appears to be extremely variable on tne 
basis of the few recorded data available. Johnson studied a total o 
18 ganders and secured semen from only 12 of them. Six of these 
were used extensively, and their average yield ranged from O.Oo to 
0 60 ml. per collection. As might be expected, the best responses and 
yields occurred during the hei^t of the breeding season. Average 
yields of semen from common drakes have been reported as 0.23 m • 
(Watanabe and Sugimori, 1957) and 0.32 ml. (Onishi, Kato, and 
Futamura. 1955) by the manual massage method, and as 0 33 mb b> 
electroejaculation (Watanabe, 1957). Onishi and Kato (1955) re- 
port a larger yield of 0.82 ml. from Muscovy drakes. 

There is not much information available on the optimum amount 
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of semen to use for insemination. Johnson used 0.05 ml. of whole 
semen with geese, and Watanabe used 0.30 ml. of whole semen di- 
luted 1 : 10 with saline, or 0.03 ml. of whole semen, per insemination. 

Johnson ( 1954 ) reported 9.7 days as tlie average duration of fer- 
tility in geese when figured from the day of insemination; however, 
the average was only 6.1 days following the laying of tire first fertile 
egg. It should be noted that chickens, turkeys, and possibly ducks are 
extremely fertile on the second day following insemination, whereas 
the nonfertile period following insemination in the goose seems to 
be much longer— 3.6 days in Johnson’s study. It would appear tliat 
geese should be inseminated once a week. Watanabe and Sugimori 
(1957) reported common ducks as having an average duration of 
fertility of eight days. On the basis of the information available, 
ducks should be inseminated every five or six days. 

nmunoN of axtan semen 

It is not recommended tliat diluents be used in commercial pro- 
grams of artificial insemination of poultry. Avian semen seems to 
be more susceptible to damage by artificial diluents than is the 
semen of many domestic animals. Bull semen diluents, such as egg 
yolk-phosphate and citrate buffers, are not satisfactory diluents for 
chicken semen. Sperm life is sustained for extended periods in the 
upper region of the avian oviduct where albumen is secreted, and 
yet egg albumen has been found to be a poor diluent. Certain al- 
bumen proteins, however, have shown some promise when added to 
diluents, according to Lorenz and Tyler (1951). It is frustrating 
to review the literature concerned with studies of avian diluents and 
extending fluids. Some ins’estigalors have failed to consider the time 
factor between dilution and insemination. If a diluent has a deleteri- 
ous effect on the sperm cells, then the length of time that the sperm 
are in contact with the diluent is very important. Once inseminated, 
the diluting medium might be expected to have but little effect on 
the sperm. For example, in an experiment conducted by one of tlie 
authors, xvhole chicken semen and chicken semen sennn were found 
to be excellent turkey semen diluents xvhen used within a few min- 
utes following mixing. Howcx-cr, when the dihited semen was held 
for half an hour before inseminating, it proved to be significantly 
inferior to undiluted semen. 
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' C),. Cleon Soneon. To dnU .he best diluent for senjen has 

been found to be chicken 'unen serum (Munro, ’ , Jjlution 
Sraffner, 1952). In fact, 11 caUey and Shaf^ner K ° 

rate without adverse elfects, althougli higher dilutions wer 
terlous. In cases of r. -Inccd fertility following the 
diluents themsehes must be harming the sperm cells. « ^ 
semen is not held too long before insemination, there are a n 
of solutions that may be used. Some that do not '“duce fertility m 
than 10 to 20 per cent arc Ringers, Lockes, and t ^ 

Table XIII). It is advisable to use cbemically pure salts ana 


Table XIII. Pome Solutions That Can Be Used 
AS Aman Spedm Diluents 


7njrcdient« 

Gramt per 1,000 ml. of ilhtilUd mler 

Ritiijer'f 

Locle'i 

Tyrode'e 

^'aCl 

9 00 

9 00 

9.00 

KCl 

0.30 

0.24 

0 20 

CaCli 

0.25 

0 42 

0.20 

MrCU 


— 

0 10 

^'aHC0, 

0.20 

0 20 

1.00 

Dextrose 

— 

1 00 

1.00 


just the pu to approximately 6 6 to 6.8, according to data published 
by Bogdonoff and Shaffner (1954). 

Turkey Semen. The best turkey semen diluent used at the Mas 
sachusetts Station has been Earle’s solution, but it resulted in ap- 
proximately 15 per cent poorer fertility than did undiluted semen. 
This was also definitely inferior to the results of van Tienhoven and 
Steel (1957), who used Tyrode’s solution (pn 6.7) and homoge- 
nized, pasteurized whole milk (heated at 85“ to 95° C. for ten min- 
utes). When used at dilutions of 1;1 and 1:3, the resulting three- 
week fertility was approximately equal to that for the undiluted 
semen. Variations in time between dilution and insemination of 
13 to 106 minutes did not affect ferUlity 

Duck Semen. Watanabe (1957) diluted drake semen at a rate of 
got satisfactory results. More data are 
“nclude that drake sperm are more re- 
sistant to salt solutions than are chicken sperm. 



Poultry 


251 


STORAGE OF A\TAN SEMEN 

No completely satisfactory metliod for preserving avian semen for 
any lengtli of time has yet been devised. Recent findings, however, 
are encouraging. 

Chicken Semen. Many reports show a decrease in fertility follow- 
ing the use of semen stored for as long as two hours at various tem- 
peratures. Perhaps the best recent results with whole semen are those 
of Garren and ShafFner (1952), who were able to maintain fertility 
at 62 per cent— 22 per cent below that of unstored semen— after a 
six-hour holding period at 48° F. In addition, tliey found that storage 
reduced the duration of fertihty in all stored groups. Fertility was 
improved when the dose was increased from 0.10 to 0.20 ml. and 
the interval between inseminations was increased. If whole semen 
is to be stored for more than one hour, the temperature should be 
reduced gradually to 48° to 57° F. 

Recently F. H. Wilcox of the University of Maryland has devised 
an interesting new method of holding semen. By use of his metliod 
he has been able to send samples of chicken semen by air to Scotland 
and to Israel, with the resulting average fertility of 37 per cent for 
the first week following insemination. These results are very in- 
teresting in view of tlie fact that tlie time lapse betsveen collection 
and insemination was about 37 to 38 hours, plus e.xposure to tlie 
rigors of air shipment. Wilcox’s method involves the use of two dif- 
ferent diluents— one for diluting and storing the semen and the other 
for reconstruction before insemination. Immediately following col- 
lection, diluent A ( 16 34 gm. of NaiHPOn 5.16 gm. of NaHjPOt.HsO; 
100 mg. of terramycin; and 1,000 mg. of dihydrostreptomyciii, all 
added to 1 liter of distilled water) is added at a 1:10 dilution rate; 
diluted semen is stored at 50° F. Following storage, the sample is 
centrifuged at approximately 1,200 R.C.F. for ten minutes and the 
clear fluid is poured off, leaving only sperm. Diluent B (made by 
adding 1 ml. of a solution containing 60 mg. of fructose per ml. to 
14 ml. of a buffer solution containing 5.16 gm. of NalliPOi.IRO and 
16.34 gm. of Na=HPOi per liter) is added to the sperm in an 
amount which will reconstitute to the original volume of the semen 
sample before the first dilution. Tlie mixture should bo stirred with 
a small glass rod until the sperm are well mixed with the diluent, and 
then inseminated at once. 
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Frozen ClncJcen Semen. There is now ^e. 

possibility of sueeessfully storing ™but no hatehobility, 

Sbaffner (1942) was able to show some fertl y, b 

Ll'e7rh\S^d:;lrmotilityb5^ 

following this same teehmque, removed the , the 

with Ringer’s solution and obtained 54 per cent er 1 1 y 
week following insemination. Since Allen and j ; jby 

shown that fertility from semen-glyeerol mixtures J. 

inseminating directly into the uterus, some ^y 

eludes freezing at -79" C. with 15 per cent glycerol 
dialysis and intrauterine inseminations, should result m 
factory use of frozen semen. . 

Tu^ey Semen. What has been described for the chicken is J 

true for the turkey, although there are some indications that wn 
turkey semen is more resistant to storage than is chicken semen. 
Carter et al (1957) stored whole turkey semen at 57 F. tor zer , 
two, four, and six hours with resulting fertilities of 93, 80, 72 . and 5 
per cent, respectively. There were no significant adverse ° 

holding time on halchability. Harper (1955) found that undilu e 
turkey semen could be held, at the beginning of the breeding seMon, 
for as long as four hours at 55° to 60° F. without affecting ferti ity. 
A holding time of only one hour, however, resulted in a decrease in 
fertility as the breeding season progressed. At the present ^ 
would not appear desirable to hold turkey semen for more than 
one hour prior to insemination. The correct holding temperature 
probably is between 75° and 85° F. 


LABORATORY EVALUATION AND FERTILIZING ABILITY 

No single laboratory measurement of semen quality has been 
found that will accurately predict fertilizing ability of a semen 
sample. More research work is needed in this area. From the data 
of Parker et al. (1942) and Shaffner and Andrews (1948) it seems 
apparent that neither volume nor sperm concentration is related to 
fertility, except when total sperm number introduced falls below 
100 million (Munro, 1938). There is some positive relationship be- 
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tween high initial motihty and good fertility. Initial motility must he 
scored arbitrarily, with rapidly srvirling samples scored highest arid 
samples showing notliing but individual cell motility scored lowor- 
Parker found that fertility decreased with increasing numbers of 
abnormal sperm types, as observed in semen smears on glass slides. 
Shallner and Andrews (1948) found that the persistence of sperfn 
motility in semen stored at 4° C. was positively correlated with fer- 
tility. Bogdonoff and Shaffner ( 1954 ) have described the methylerie 
blue reduction test and reported that the shorter the time required to 
reduce methylene blue to yellow, the better the fertility obtained. 

By way of summary, it seems that initial motility score is the 
easiest measure to obtain since the only equipment needed is a 
microscope. The methylene blue reduction test requires special 
equipment and cannot be read for at least half an hour. Determina- 
tions of the degree of motility following storage and the percentage 
of abnormal sperm are valuable in research studies but are too time 
consuming to be of much practical value. 

PnACnCAL APPLICATIONS 

During recent years artificial insemination has become an im- 
portant commercial practice in the turkey industry. It was mentioned 
ewilfe"! , wad beMs rcpcAting, tVwA. wac West Coast breeder yda-arred to 
inseminate 150,000 turkey hens artificially during the 1959 season. 
McCartney (1951) reported that by instituting artificial insemina- 
tion he increased the number of poults per breeder from 42 to 5^ 
in a medium-sized ttOiite strain. The authors have obtained an aver- 
age of 90 per cent fertility for an entire breeding season by artificial 
insemination alone. Many turkey breeders use artificial breeding 
only to insure high fertility at both the beginning and the end of the 
breeding season. It is fair to state that fertility in heavy strains may 
be usually stepped up by 15 to 20 per cent if artificial insemination 
is used to supplement natural matings. 
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semen, two men working trvo hours per day can inseminate 250 hens 
or take care of a flock of 1,500 hens. On this basis it is ^ 

produce approximately 5.000 chicks per week from this flock with 
an output of 24 man-hours of labor. . 

Artificial insemination could be of considerable value o 
pedigree breeder who keeps the breeding hens in individual cages. 
Some years ago a commercial breeder in New Jersey produce 
6,000 pedigreed chicks from 144 hens and 26 cockerels. a o’* 
output for the ten-week period was 40 man-hours of skilled la or, 
that IS, labor required to artificially breed these birds. 

Pedigree breeders who wish to change breeding males in t e 
middle of the breeding season find that artificial insemination is 
worth the little extra work required. The breeder can save an 
week in his operations at a time when a week is of considera e 
value. The procedure is to remove the old male from the bree ing 
pen seven days before it is planned to stop saving hatching 
During these last seven days the hatching eggs wiU be highly fertile 
as a carry-over from the old male. Then on the morning of th6 
seventh day following removal of the old male, all hens are insemi- 
nated with semen from the new male. It is safe to begin to save 
hatching eggs which can be attributed to the new male seven days 
following the artificial insemination. Actually the error would be 
slight if one began to save hatching eggs only three days after in* 
semination, because fresh sperm almost always supersede the older 
sperm. As soon as the artificial insemination is completed, the new 


male should be given his liberty in the breeding pen so that he may 
begin to mate naturally. Credit for developing this time-saving 
technique goes to D. C. Warren, formerly of the Kansas State Col- 
lege. This procedure is not so practical with turkeys, since, as Kosin 
and Wakcley ( 1950) found, older sperm are not completely replaced 
by new sperm for some time. 


It has been claimed that artificial insemination can be used success- 
fully in prolonging the effective reproductive life of aged sires which 
have already proved their breeding worth. To date, however, no 
data are available to verify this claim. 

With artifieial insemination it has been possible to make crosses 
that do not occur naturally. For example, it is known that a pheasant 
^k sometimes will male naturally with a hen of the domestic fowl, 
hut the reciprocal cross does not occur in nature. Artificially, it has 
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been possible to cross successfully the male of the domestic fowl 
with a nng-necked pheasant hen. Similarly, a successful cross be- 
tween the domestic fowl and guinea fowl has been reported One 
writer has claimed that semen has been artificially collected from 
males of tlie following peacock, finch, and canary. In studies of the 
inheritance of body size m the domestic fowl, it has been possible 
to cross bantams with normal-sized fowl by using artificial insemina- 
tion, whereas with natural matings such a cross is unpredictable 
because of extreme differences in body size. Attempts have been 
made to cross the turkey and the domestic fowl— using artificial 
insemination— but no viable offspring have been reported. It is a 
simple matter to make this cross reciprocally. 
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The artificial insemination of swine is still in an experimental stage; 


however, it is already of practical commercial importance in some 
countries. 


THE NOmVECIAN AnTlHCIAL VAGIKA 

The semen of the boar is readily collected with an artificial vagina, 
and different types of artificial vaginas have been devised ( Aamdal, 
Hogset, Sveberg, and Koppang, 1958; Ito et al., 1951a; McKenzie, 
1931;Polge, 1936). 

The Nor\vegian type of artificial vagina, shown in Figures 54 and 
55, has been used successfully in artificial insemination over a long 
period. The length of the vagina is about 18 cm., and it has the same 
diameter as the model used for the bull. It contains two inner tubes, 
one for air and one for water, since the valve of the air pump be- 
comes clogged if water and air are in the same compartment. Experi- 
ence has shown that the boar prefers smooth inner tubes. 

An inner tube, with the rough surface turned in, is used as a 
funnel. The semen is collected in a 500-ml. plastic bottle, which has 
a double hd perforated with 2-mm. holes. The gelatinous part of 
the semen is retained as the rest passes through the lids, and no 
“ necessary. The vagina is warmed 
\Mtli 300 ml. of water at 50“ C. (122“ F.), then lubricated with 
258 



Figure 54. The Norwegian type of artificial vagina for the boar. Notice the foam 
rubber piece, /, covering the entrance, the hole, /, in the funnel near its fastening 
to the vagina; and the supporting splint, c, holding the collection bottle, d. 
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sterile vaseline and a.r pumped in. The pump has a valve to pemit 
release of air in case the pressure is too high. bv 

The foam rubber piece, with its T-shaped sht, is fastened by 
means of a rubber band over the entrance of the vagina and tlie 
vagina is attached to a metal splint in the same way. The plastic 
bottle is supported by means of a rubber band at the other en o 
the splint. A hole m the funnel, ne.ir the vagina, permits escape ot 
preputial secretion during semen collection, and thus prevents i 
from mixing with the semen. Also, the splint is bent up to proven 
flow from the vagina into the bottle. , 

The foam rubber piece is designed to give the penis a mechanica 
cleansing as it passes through it and also— like the hole in the lunne 
—to prevent, in some measure, the flow of preputial secretion into 
the vagina and the semen bottle. Except for the foam rubber piece, 
which is used only once, the entire apparatus ought to be boiled a ter 
each collection. 


THE DUMMY SOW 

It is possible to collect semen from a boar when he is mounted 
on a sow in heat. It is more convenient, however, to make collections 
when the boar is mounting a dummy sow. 

Different types of dummy sow with more or less complicated 
construction have been devised (Golze, 1949, Ito ef ah, 1951a). In 
Figure 56 is shown a dummy sow which has proved satisfactory 
both from the operator’s and boar’s point of view, and it is also easy 
to keep clean. Its frame is made of %-inch galvanized iron tubing, 
stuffed to a proper shape and covered with a plastic cloth. During 
the collection of semen, the dummy may be soiled with secretion 
from the prepuce, and bacteria can be transmitted from one boar 
to another. Therefore, washable covers are used and changed after 
each collection. 

The dummy is fixed to a light wooden platform so that the boar 
keeps it in place by means of his own weight. The hindmost part of 
the platform is covered by a rubber mat so that the boar will stand 
steady; and a block on the front part of the dummy prevents the 
boar from getting too far forward. The hind legs of the dummy sow 
may be lowered or raised according to the height of the boar being 
used. To ensure a convenient working position for the operator. 
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H 130 cm >1 



Figure 56. The dummy sow, made of galvanized Iron and stuffed, has a changeable 
cover. The adjustable wooden blocic, top right, prevents the boor from getting too 
far forward during collection of semen. 


it is important that the hind legs of the dummy be placed well for- 
ward. 


SEMEN COLLECTION PnOCEDURES 

When the boar mounts tlie dummy, the operator guides the penis 
into the artificial vagina. If the artificial vagina is the Norwegian 
type, he threads the penis through the Y-shaped hole in the foam 
rubber piece. The operator then sits down on a stool on the right 
side of the dummy, with the vagina in his left hand and his right hand 
grasping the funnel (Figure 57). The operator then tries to catch 
and hold the penis, through the vagina, with his right hand. As a 
rule, the boar will move the penis for%vard and backward several 
times while the operator is trying to get a firm hold on it. 

As soon as he has the penis fixed in his hand, the boar will begin 
to ejaculate (Figure 58), and an assistant should detach the plastic 
bottle from the supporting splint so that the semen can flow directly 
into it. 

During the attempts to catch the penis, the vagina must always be 
held in such a way that preputial secretion will not flow down into 
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the bottle Usually, some of the secretion that has passed the foam 
rubber piece will flow out through the hole in the funnel 


SEMEN CHARACTERISTICS 

Boar semen consists of three fractions a prespermal fraction, 
mainly gelatinous material from Cowper’s glands, the sperm 
rich fraction, and the sperm poor fraction, mainly gelatinous ma 
tenal and fluid from the accessory glands It is presumed that the 
mam function of the gelatinous matenal is to prevent the baclvflo'V 
of semen during and after coitus 

Table XW show s the volume and density of semen from three 
different hoars used m artificial insemination 
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The density and total number of sperm per ejaculate are subject 
to great variation depending on frequency of collection and indi- 
vidual diversity. 

The semen of the boar contains a high number of bacteria, on the 
average 180,000 per ml. if an artificial vagina of the ordinary type 
as designed for the bull is used (Aamdal, Hogset, Sveberg, and 
Koppang, 1958; Tanaka etal., 1951). Since the semen contains only 
a small number of bacteria as it leaves the Up of the penis, the major 
part of the bacteria comes from the boar’s prepuce (Aamdal, 
Hogset, Sveberg, and Koppang, 1958; Koppang and Filseth, 1958)- 
If the Norwegian type of artificial vagina is used, so as to prevent 
the preputial secretion from flowing into the semen bottle, the 
number of bacteria in tlie semen is decreased to 10,000 per ml. on 
the average. 

The microscopic determination of tire quality of boar semen is 
best made \vith diluted semen and by means of a phase contrast 
microscope, 200 diameters magnification. The temperature on the 
object table should be 40° C. {104°F.). Furtliermore, the sperm 
needs three to five minutes to reach maximum motifity. 
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SEMEN DIUmON 

Through the years, various diluents have been tried 
semen, and many of these have also been tried for boar ^ 

diluted with 3 per cent glycine and 30 per cent egg y ( 

1956), or 9 per cent shimmed milk powder (Melrose), 

semen may be successfully stored at 41" F^The 3 Verjmrtsodmm 

citrate-30 per cent egg yolk is a very ^ ature 

when stored at 15" C. to 20" C. (59“ to 68" F.). As 

also IS highly suitable for growth of bacteria, it , j 

semen collections be as clean as possible and that antibiotics 

at the rate of 1,000,000 international units of pemcilhn and P ^ 
of dihydrostreptomycin per 1,000 ml. sodium citrate. t 7 \ 

stored in sodium citrate diluter at 15“ C. to 20 C. (59 ° oq 

shows good survival, and the conception rate is the same up o 

hours after collection. u troml 

The minimal volume needed per insemination is found to be ou • 
of diluted semen. In artificial insemination procedures 
waste of semen is hhely to occur, a larger volume is required. A dose 
of 100 to 150 ml. of diluted semen per insemination has given goo 
results and seems to be wananted. , 

Since there is a great variation in density of boar semen, 
dilution rate must depend upon the density of the sample. At presen 
there is little knowledge about the effect of increased dilution of boar 
semen on the conception rate. Dilution up to 4 billion sperm per 
insemination dose, that is, 8 to 15 doses per ejaculate, has been use 
with good results. 


ESTRUS IN SOWS AND TIME OF INSEMINATION 

The length of estrus in sows has been found to vary wth the 
breed (Burger, 1952). The mean length of estrus in Large \lTute 
sows is 48 hours and in Large Black, 60 hours. Ovulation occurs 
about the eighteenth to the thirty-sixth hour of estrus in Large 
Wliite and from the forty-second to the fifty-fourth hour in Large 
Black sows. 

Two to three days before estrus, sows and gilts show signs, sucli 
as reddening and swelling of the vulva 
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Breeding experiments show that in natural mating the same per- 
centage of pregnancies is obtained by mating at 0, 12, and 24 hours 
after onset of estrus in Large White, and at 0, 12, 24, and 36 hours 
in Large Black sows. At matings later in the estrus, the conception 
rate was much lower. 

As to the optimal time for artificial insemination, no report 
is at present available. It is surmised that insemination during the 
first half of estrus gives the best conception rate, as in natural mating. 
Experience from artificial insemination on a big scale seems to con- 
firm this supposition. 


INSEMINATION PROCEDURES 

The cervix of the sow is long ( Figure 59 ), and the canal is curved 
in the upper part and so narrow that it is impossible to pass any kind 
of instrument through it without damage to the tissues. 

In order to squeeze the semen through tlie narrow part of the 
cervix and into body of the uterus different types of apparatus 
have been devised, such as a rubber tube, an ebonite tube, and a 
glass tube. In Figure 60 a new type of equipment is shown. The 
equipment consists of a plastic tube about 50 cm. long with a diam- 
eter of 8 mm. About 2 cm. from the tip a plastic cuff (diameter. 
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\ e„>.) is fixed, and tins n.ay be inflated by -ans of a 
the cuS is inflated, it stoppers the “ gl)- Tho 

not flow back into the v agina during insemination „ 

cult has about the same functions as the 8^ bottle, 
is presumed to hare in natural mating. nlastic tube 

also used for transportation of semen, is coupled to the p 
by means of a rubber connecting piece with o«®ohed head. 

When the operator is ready to make an msemma i ’ 
plastic tube and cuff should he lubricated with hqui p 
the tube pushed as far into cervix as possible (Figure 61). Th 
IS then fully inflated, the semen bottle is coupled to the P’“‘ V 
and the semen slowly iniected. In case the semen leak out thro g 
the vagina, the cuff must be deflated, the tube pushed further 
the cervix, and the cuff once more inflated. 


PRACTICAL ASPECTS 

Since boar semen varies widely in quality, the semen of prospective 
sires should be examined before they are accepted in an 
breeding program. The examination is best done at the breeding 
center. In natural mating a fairly high conception rate t^n resu 
even if the boar’s semen is of poor quality; but in artificial insemina 
tion the rate will be low. Therefore, a boar whose semen is not o 
good quality should be rejected for artificial breeding. 

As a rule, there is no problem in collecting semen from a boar m 
a herd. If the hind part of the dummy is moistened %vith urine, 
boar will mount. 

In experimental work, boar semen has been collected at 48'hour 
intervals. However, practical experience in artificial insemination 
of swine seems to show that boar semen collection over a long period 
should not be made oftener tlian twice a week or three times a 
fortnight. Some workers presume that overfrequent collections ^vill 
cause a decrease in semen quality and conception rate. 

The big problem in practical use of artificial insemination at 
present is to detect the estrus in the sow and to get her inseminated 
at the optimal time, that is, during the first half of the period. 

Tlie signs of reddening and swelling of the vulva commence tsvo 
to three days licfore estrus, and there is an even transition from 
these s>-mptoms to estrus. The typical proof that the sow is in estrus 
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Figure 60 , Sow insemination equipment. Ti)e plastic semen bottle is otSoched to i 
insemination tube. The rubber pump (s used to intlafe the tip of the tube. Note i 
rdady*to*use insemination tube, sterilized and inserted in a plostie stocking. 
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I th.t she "stands- (or the TtKow" 

testing the sow, the farmer himself has to find out 

during one heat, noting the changes in symptoms; and he m.> 
seminate in the nest iieat. 

RESULTS WTTII AIlTIFiaAL ISSEMIVATION IS 5WISE 

Altliough good conception rates liave been ohtaincd "P'" 
mental worh on the artificial insemination of swine, the ra 
greatly in general farm practice. In Norway, a total 
inseminations are performed each year, representing about - P 
cent of all mating in swine. In 1,700 first inseminations over a sis- 
month period, the conception rate, based on the number ot tarr 
ing sows, was 56 per cent. Semen was diluted at the ^ ^ "V 
million sperm per ml , and the diluter used was 3 per wnt w ^ 
citrate-30 per cent egg yolk, with added antibiotics. Tlic dilu c 
semen was stored at 15" to 20" C (58" to 68" F.), and inseminations 
were performed by dificrcnt veterinarians between 4 and 80 hours 
after collection The insemination dose was 120 to 140 ml., that is, 
8 to 15 doses per collection Semen was shipped as much as 300 miles. 

There was no significant difference in the size of the litter when 
litters resulting from natural mating and from artificial insemination 
were compared. In 3,000 litters resulting from artificial insemina- 
tion in NoiAvay, the average was 9 63 piglets per litter. 

Semen can be shipped long distances with satisfactory results. In 
1956, boar semen was sent by air from Norway to Beltsville, Mary- 
land, and 24 sows were inseminated 30 to 40 hours after the semen 
was collected. Eleven of the sows (46 per cent) farrowed. 
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Dogs 


ELLIS P. LEONARD 


ihe first recorded instance of artificial insemination in the bitch was 
in 1780. Abbe Spallanzani is reported to have artificially impregnated 
a bitch at that time, and after 62 days she whelped three puppies, 
two male and one female. All three pups were said to resemble the 
male parent. From time to time other sporadic and successful at- 
tempts were made to inseminate bitches artificially. Most of the early 
work was of an investigational nature, and only in recent years has ^ 
artificial insemination been practiced in order to effect certain 
matings that othei^vise would be impossible. Even today the use of 
this procedure is not nearly so prevalent in the breeding of dogs as 
it is in the breeding of cattle and some of the otlier animal species. 

Up to the present time the American Kennel Club has not en- 
couraged the practice of artificial mating, although it will cooperate 
with the breeder if he wishes to employ the method or if he finds 
it necessary to do so. When a natural mating cannot be consum- 
mated, application for registration of a litter bom as the result of 
artificial insemination will be considered by the American Kennel 
Club provided there is compliance with certain stipulations. 

The American Kennel Club must be furnished with a properly 
completed official litter application form, an afiidavit by llie owmer 
of the sire certifying that he witnessed the extraction of the semen 
and its insemination by a licensed veterinarian, identified by him 
in his affidavit, and an affidavit from the veterinarian that he made 
271 
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the extraction and the 

f:::Xroit^^s has — hnrrte 

the widespread distribution of semen from a giv 
anatomy of TllE 1X>C 

Of all the domesticated animals, the dog P™^„|^“cowpe?s 


gland are not present, and the only aecessoij Completely sur- 

Le. This is located at the neck o the ' Tvhich U fs closely 

rounds the prostatic portion of the utethra ‘o '™ 
adhered. The prostate empties into the urethra tlirougl y 
openings in the urethral wall on either side of the urethral 
Hypertrophy of this gland is common in older dogs. „ 

The testes, epididymis, and ductus deferens are j 

same as those of the bull. The penis consists of a toot attache 
the ischium, a body, and a relatively large glans with a bulB a 
caudal end. The anterior portion of the body, and most ot ® ’ 

has a bone passing through it. This os penis has a deep ventral g 
through which the urethra passes. ^ u (t The 

The mechanics of erection is not well understood in the dog. 
bulb of the glans becomes very large during erection and 
the male part of the locking device which causes a tie during cm • 
The reproductive organs of the bitch consist of vulva, vesti u > 
vagina, bicomate uterus, and ovaries. The vulva, which lies so 
distance below the anus, is relatively small during anestnis. Uu & 
heat the vulva becomes engorged, enlarged, and, as the proper time 
for mating approaches, changes in texture from a hard, rigid organ 
to one that is soft and spongy. The vestibule is that part of t 
female genital canal which extends from the vulva to the uretnr 
opening. This part of the canal is nearly vertical in direction excep 
during the copulatory act, when it may assume an almost horizonta 
position. The vagina, uterus, and ovaries need no special description 


here. 
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ESTROUS CYCLE OF THE BITCH 

The reproductive cycle in the bitch can be divided into four 
stages, that is, anestrus, proestrus, estrus, and metoestrus. This cycle 
is ordinarily completed tvrice each year, although there may be indi- 
vidual variations in the length of the cycle (172 days to 200 days ) . 

Anestrus can be described as that period beginning at the end of 
regressive changes following one estrus and ending at the onset of 
proestrus. This period seldom exceeds two months. A vaginal smear 
made during anestrus is composed primarily of leucocytes and 
epitlielial cells. 

Proestrus is the period extending from the first appearance of a 
sanguineous discharge to the time of first acceptance of the male. 
This period may vary between seven and nine days but usually is 
about nine days. The vaginal smear during this period reveals many 
erythrocytes and comified epithelial cells. Leucocytes are absent. 

Estrus is the period from the first to the last acceptance of the 
male. The lengtli of true estrus may vary between five and twelve 
days, with an average of about nine days. Ovulation usually occurs 
at about tlie second day of true estrus. The characteristic elements 
of a vaginal smear at this time are erythrocytes and disintegrating 
comified epithelial cells. There are also large numbers of bacteria 
present. 

Metoestrus is the regression period beginning at the end of estms 
and extending to the resting or anestrons stage. This period is ap- 
proximately three months in length. A vaginal smear during this pe- 
riod will show the return of leucocytes and the gradual change of 
comified epithelial cells to those having the characteristics of 
anestras. 


THE COPULATOnY ACT 

The dog is attracted to the bitch in estrus long before she is ready 
to accept him. In the normal bitch the acceptance period is only 
during tme estrus. There may be considerable variation in the 
length of this iicriod, in some cases nine or ten days and in others 
only a day or two. Some bitches will court or tease a stud a full day 
before they will accept him. The teasing period is likely to be pro- 
longed in cases wherein the stud is not a particularly wgoroiis one. 
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A good, experienced stud may not “ "" 
and breed a bitch as soon as she is place w 

^\'hen the bitch is ready ana extend the 

genitals toward the stnd draw t ^ somewhat horizontal 

vulva in such a manner that the v“tibu j^jn, 

position. She stands quietly 'J” ™"eed“gly slow, the 

ample time to make an entry. It stimulate him. 

bitch will probably resort to teasing again m order to 

As the smd mounts he protrudes the -‘-or portmn^oj the gl^^ 
and attempts to contact the vulva. When Mn 
is thrust into the vestibule, the prepuce bei g p 
bulb ot the glans, and the bulb foreed between ]'P^.",%nring 
A series of short thrusting movements are then mode. “ „i 5 

this part of the eopulatory act that the true erection of th P 
takes place. The entire glans, including the bulb, 8 ,/ just 

gorged and enlarged. The lips of the vulva grasp the penis ) 
posterior to the bulb and thus effect a tie. 

Ejaculation begins with the coital thrust, and the fi P jj 

emission of a clear, watery fluid which continues until ‘ _ 

complete. At this point the thrusting movements^ the s^ ^ ^ 
but ejaculation continues into the second phase. This 
whitish, milky fluid which contains large numbers of sperm • 
One can observe the ejaculatory action by noting the pulsation 
the root of the penis. This phase may last from five to fifteen m ^ 
utes. Frequently the stud dismounts during this phase and s 
facing away from the bitch. 


SEMEK aiARACTEnisncs 

ComparaUvely little work has been done with dog semen. Lambert 
and McKenzie (1940) report the volume of ejaculate to be 2 o 
19 ml. (most common volume, 7 ml.). Nooder (1950) places ^ 
volume at 1 to 20 ml. and comments that volume may vary consi 
crably in the same dog. The number of sperm per milliliter has been 
variously reported from 88 million to 588 million, and from 69 mu- 
lion to 1,720 million per ejaculation. Alifanov (1934) observed that 
sperm ^s ere produced continuously and that the normal amount was 
restored at intersals of 24 to 72 hours. Nooder states that in the dogs 
prolonged sexual rest has no effect upon the quality of the semen. 
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It was also found in studies by Boucher et al. (1958) and also in 
those made by Blackledge (1958) that there was no appreciable 
alteration in semen quality when collections were made as fre- 
quently as every other day for short intervals. Even when a stud 
dog is ejaculated daily for short periods, a 24-hour rest will usually 
provide sufiBcient rest for complete restoration of sperm reserves. 

Color of tlie ejaculate may vary from light gray to white, and the 
consistency may range from watery to viscous. This variation in color 
may be due in part to the concentration of sperm in the semen 
sample. 

Blackledge describes a method of calculating the number of 
sperm using a photometer. With this method, the semen is diluted 
1 to 4 or 1 to 9 with a 2.9 per cent sodium citrate solution and the 
optical density determined witli a Klett-Summerson colorimeter 
using a green filter. From this calculation, the total sperm per ejacu- 
late and the total motile sperm per ejaculate can be determined. 

Individual movements of the spermatozoa are intense in fresh 
samples, and mass movements also are sometimes seen. Nooder 
( 1950) observed not more than 20 per cent morphological abnormal- 
ities in good sperm. 


SEMEN STORAGE 

Survival time for normal semen is about 21 hours. Bederke (1933) 
found that dilution with physiological saline reduced this time by 12 
to 15 hours. He also found that dilution with dog serum reduced the 
survival time by half and that dextrose solution alone or with sodium 
phosphate buffer had an unfavorable influence. More recently it has 
been found that survival time can be extended to as much as 173 
hours through the addition of such extenders as pasteurized milk 
or egg yolk-citrate. However, it has been found that dog semen is 
extremely sensitive to most extenders and actually survives best 
with one of the two just mentioned. 

llarrop (1954a) uses the following method of preparing the milk 
extender: One-half pint of ordinary pasteurized milk is slowly 
heated to 92° C. and kept at that temperature for ten minutes; it is 
then allowed to cool to room temperature; 10 ml. are then care- 
fully poured into a test tube, ultliout disturbing the scum that has 
fonned on the top of the heated milk. The second fraction of the 
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semen sample, after hav.ng J^lpa^ 

mixed with the heat-treated mdk at the rate P 

'“rUl"!* .» ^ ,0 SXS « 

as yet the test for fertility of the ^P*^™ ^ Leonard (Leonard, 

In the case of the milk extender, Mr p . 

1956) were able to impregnate a London to 

preserved in milk for 140 hours and shipped by air irom 
Ithaca, New York. She whelped five puppies. 


INDICATIONS FOtt INSEMINATION 


Generally speaking, artificial insemination is ‘j,j'"aHfs- 

when natural matings are impossible l^ciiuse of 8^ 8 ,ogical 
tance between stud and bitch, or for physiological or psych g 

" TnlL dog, premature erection may prevent entry of the penis 
into the vagina. This may result if the stud is attempting 
entry on a small or immature bitch. An occasional stud m y 
premature erections habitually. Some studs, in which the seme * ) 
be normal, will show evidence of impotency through lack o se 
drive. , jg. 

Artificial insemination becomes necessary if the bitch n 
veloped a neurosis as a result of being trained as a watch dog, or 
she has become thoroughly upset due to transportation. Bitches wi 
vaginitis frequently will not conceive following a natural brec i 
but can be impregnated artificially. 


SEMEN COLLECTION AND EXAMINATION 

Equipment for collection of semen by one method consists of ^ 
sterile 20-ml. glass syringe with a rubber adapter ( Figure 62) . 
slides and a microscope should be available for examination of the 
semen. Whenever possible, collection and insemination should be 
done at one operation. 

As the first step in artificial insemination, the bitch should be 
presented to the stud, and as soon as he shows interest, the collector 
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Figure 62. Two sizes of artificial vagino, o syringe with o rubber odopter used for 
the collection of dog semen, and an Inseminating tube. 


grasps the bulb of the glans in one hand with slight pressure behind 
the bulb. Having withdrawn the plunger from the syringe and 
doubled over the adapter to prevent leakage, he holds tlie barrel in 
his free hand and uses it for the collection of semen (Figure 63). 
He should take care that the penis does not enter the syringe, and in 
the case of shy breeding studs the syringe should not even be allowed 
to touch the penis. If the first part of the ejaculate is lost due to 
thnisting motions of the stud, this is of little consequence because 
tlie part containing most of the spermatozoa will be ejaculated after 
the thrusting has ceased. It is most important to keep constant pres- 
sure back of the glans until sullicient semen is collected. If the in- 
semination is not to be made directly from stud to bitch, the semen 
may be collected in a test tuljc so that it can be more easily handled 
for the purposes of extending and shipping. Collection may be made 
directly into the test tube by means of a glass funnel or through the 
use of an artificial vagina. 

Harrop has indicated his preference for the artificial vagina in all 
semen collections (Figure 04). It is interesting to note, howe\-er, 
that Boucher rt al. (19.xS), working on the evaluation of riualily. 






f/ji/re 63 Coll«e1.ng Mmen d leoly inlo o jyfmge by timple d.gnol pr«s«"' ’’ 
tenor to the bulb of the penu 

found that the artificial vagina had some detrimental effect ^ 
quality of the semen He, therefore, prefers the use ot tli h 

funnel named 

Motility and morphological examination of the sperm is 
out as soon as the sample is collected A drop of semen is p *1^® ^ 

a glass slide and spread sh^tly It then can be examined un er 
\o\\ power microscope for the amount of activity and moti i Y 
hibited by the spermatozoa Observations also may be made as to 
amount of mass movement, althou^ this has bttle clinical signi 

For morphological studies, a very simple and effective 
staining is to mix a drop of semen with a drop of India mb. ® 
abnormalities in morphology seen in other mammal sperm are a 
seen in dog spermatozoa, but the total irregular forms should no 
exceed 20 per cent If a dned smear is to be examined, it is 'veU 
clear the slide of mucus with some chlonne solution before staining 
There arc many ways of staining such specimens , 

If a “live-dead” count is to be made, staining the specimen 'Vit 


Figure 64 Co^lecling semen by means of on ohifioo) vogino 

eosin B and nigrosin is very eflFective. The eosin will not penetrate 
the cell membrane in the case of living sperm, and dead sperm are 
stained a light pink. The nigrosin lays down a background against 
which the living sperm may be seen. There are many modifications 
of this method. 




INSEMINATION PROCEDURES 

After collection, the only additional equipment needed for in- 
semination is a sterile tube (see Figure 62) An ordinary 1-ml. glass 
pipette may be used for this purpose, or one may procure plastic in- 
semination tubes which are stcrile-wrapped by the manufacturer. 
A common size is 6 mm. (diameter) by 1 c.c. (capacity). These 
plastic tubes cannot be autoclaved. In order that all equipment may 
be sterile and ready for use at any time, the glass pqictte, syringe, 
and adapter can be wrapped in a muslin cover and autoclaved. 
Boiling IS equally clfectixe but has the disadvantage of consuming 
time when the insemination is being performed. 

After the semen has been coHccled and examined, the bitch is 
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placed on a table of convenient height and held by an attendant 
Most bitches will stand quietly to be mseminated, even though 
they may resist normal mating An occasional bitch may be trouble- 
some, and in such instances it is a safe practice to use a short-acting 
anesthetic while performing the operation The genitalia are next 
cleansed with a mild soap and warm water and then thoroughly 
dried 

At this point one may insert a vaginal speculum and with a light 
locate the cervix The inseminating tube is then placed directly 
through the cervical os Most experienced operators, however, insert 
the tube without the aid of speculum and light In this case the 
tube IS inserted between the labia of the voilva and pushed in a 
vertical direction until it has passed the vestibule The tube is then 
directed horizontally and passed through the cervix (Figure 65) 
The syringe is then connected to the tube by means of the adapter, 
and the semen is injected directly into the uterus (Figure 66) Some 
follow the practice of elevating the rear parts of the bitch following 
insemination This may be of some benefit, but it seems logical to 





Figure 66. Injecting the semen under very slight pressure 


assume that if the semen is deposited in the uteuis, elevation of the 
pelvic region is of little consequence. 


FUTURE INVESTIGATIONS 

Because of the limited life of the sperm m dog semen, widespread 
geographical distribution of the semen from a particular stud can- 
not be made without the assistance of some suitable extender. It 
has not been altogether possible in the light of the fragility of dog 
sperm to use all the proved buffers and extenders with the same de- 
gree of success as wth bull semen. It seems quite possible that in 
the near future we shall be able to find ways of xireserving dog 
semen so that it can be used at times and in xilaces when and where a 
preferred stud is unavailable. Harrop (1954a) has recorded the 
first instance of a pregnancy following the use of presei^^ed semen 
that had been sliipped by bus and rail for a short distance. The 
author has recorded a succe.ssful jircgnancy following the trans- 
atlantic shipment of x>rescrvcd semen, collected and extended by 
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Figure 67. Beagle bi 1 «h with purebred pwpp5e» The»e are ihe retwlt of o 
atlonilc »Wpment of semen from a Beogle stud m lenders. 


Harrop and inseminated by Leonard (Leonard, 1956) (Figure )• 
This work has stimulated other researchers to investigate the le 
of dog insemination, with the result that new extenders arc being 


found and semen quality standards are now being set up. ^ 

The possibility of freezing dog semen has not been investigate , 
probably because this type of preservation might prove to be ra e 
impractical in the case of the dog. This problem, along with ot ers 
connected with artificial insemination in the dog, is now being lU 
vestigated by workers who have recently become interested in t e 


canine phase of artificial insemination. 
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Better Livestock 
Through Inheritance 


JOHN W. BARTLETT 


Better livestock are the result of selection on the part of farsi^ c 
breeders. It is another way of saying that those men who have 
successful in improving the heredity of their animals have 
which males and females shall be allowed to reproduce and ^ 
ones shall be discarded. Artificial insemination is being recognize 
because it permits many farmers to have the benefit of selecte 
sires. Today we are mating millions of dairy cows to sires of knowm 
transmitting inheritance. Artificial insemination is a method whic 
results in mass improvement in one generation. How far can this im- 
provementbe continued? Farmers have become conscious of the pos- 
sibihties of selective breeding, and they expect each generation to 
be greater producers than the parental one. 

It has been said that wre had just as great animals in our herds 
and flocks fifty years ago as today. That may have been true. We 
can now testify to the fact that artificial breeding to some of our 
great sires has given us many more great animals today than fiv® 
decades past. We have demonstrated in the past ten to twelve years 
that the old Iowa experiment of increasing milk production o\er 
100 per cent in two generations from scrub cxiws by improved dairy 
bulls can in a measure be applied to an industry- We shall continue 
t is progress, hut how far can wre go with improvement of our best 
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livestock? We do not have, and no doubt never shall find, a way 
to create new determiners or genes for animal improvement. 

Artificial breeding of livestock by special matings is the best prac- 
tical ally of the modern genetics of farm animals since the begin- 
nings of animal husbandry. To have its greatest effect, however, arti- 
ficial breeding should he a planned program. Its future really de- 
pends on our ability to select sires that will increase production, im- 
prove breed type and sire longevity, witli breeding efficiency. 

There is an old adage ‘like begets like.” It is a belief that in this 
statement lies the basis of all inheritance. True, each of our domestic 
animals reproduces its kind; but when we try to prov'e tliat parents 
and offspring are alike in detail, we are in for a good many disillu- 
sions. Offspring do resemble tlieir parents to a greater or lesser de- 
gree, because all potentialities of each newborn are dependent upon 
the continuity of the germ plasm of tlie previous generations. The 
characteristics, however, of any animal are determined by tliree 
factors. The first is inheritance. An animal can become great only 
through tile inheritance it has received from its parents. The second 
controlling factor is environment, the external conditions which aid 
or hinder the animal’s growth and development. Inheritance and en- 
vironment working together constitute the tliird important factor. 
Although none of those factors can be omitted, inheritance or blood 
expresses the innate equipment to do things. 

The study of inheritance is called genetics. A good definition of 
genetics is that it is a science which explains similarities and dif- 
ferences between parent and progeny. 

L,\WS GOVCnN INIIEniTANCn ° 

In 1900 three scientists working independently rediscovered cer- 
tain principles that had been proved in the middle of the nineteenth 
centurj' by an Austrian monk named Gregor Mendel. Their finding 
established the fact that many Indy heritable characteristics of a 
plant or an animal arc comparatively independent of one another 
and may be inherited independently. Where there arc different char- 
acters in father and mother, such as horns and hondcssness, smooth 
coat and wrinkled coat in seeds, while color and black color in 
plumage of fowls, and long and short fur in rabbits, there is ob- 
• Sre list of dofinitioiij of genetic lenni ,it end of cfupler. 
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viously a bringing together of the rivo traits in the 
In the next or third generation, however, when *ese b 
sisters are mated, the t«o distinct characters may be set apart agi^. 
thus showing that although perhaps one only w^ visible in 
second generation, the factors which determine both were nevem 
less present, and were moreover present in a separable con 1 ^ 

This is explained hy our knowledge of the fact that those determined 

which were present in parallel chromosomes in the egg of 

and the sperm of the father and were separated by cell division bav 
been passed on as distinct units. In other words, they can be sepa 
rated in one generation and brought back together in another wu 
out losing their identity, Mendel had shown that this unitary na re 
of heritable characters always behaved similarly and that the o 
adage, "there is nothing new under the sun,” is correct genetically 
Determiners, or genes, are always found in pairs— one member 
of each pair comes from each parent Each gene has the ^ 

maintain its identity from one generation to another, from father 
through a son to a grandson and even farther. 

An offspring inherits one or the other determiner or particle, never 
both, from the pair its parent possessed. Thus a parent passes on 
to its progeny only half of its own mhentance. 

An important quahfication has been accepted by the modern 
geneticist, as we shall see later. It is that this independent assort- 
ment of characters is not always complete, since certain characters 
introduced together into a cross of l^^o plants or animals tend to 
remain together in subsequent generations. They are members of 
a group which in heredity behaves independently of other groups. 
This is easily understood when we explain it by our knowledge of 
chromosomes, which carry their genes in a linear order like tow’m 
on a railroad map. 

Segregation and Independent Assortment. So far we have seen 


that hlcndel disco\cfcd two important principles or laws of inherit- 
ance, the first that traits of a plant or animal behave as a single unit 
in inheritance. Example: horns and homlessness. An animal either 
lias horns or is polled. The second law shows that genes, or determin- 
ers for traits, segregate from each other in the splitting of ho- 
mologous or parallel chromosomes of the parents in preparation for 
fertilization of the egg by the sperm, disappear in the second gen- 
eration. and appear again in the third when the progeny, or brothers 
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and sisters, are mated. Example: A homed bull is bred to a polled 
cow. Their calves have no horns; but in the next generation when 
these calves are mated, some of the progeny will have horns. We 
shall eaU this “segregation.” 

“Independent assortment” means that at the time division is going 
on in the egg and sperm before fertihzation, the distribution of tlie 
chromosomes is random, forecasting a chance combination in the 
future. If we consider a single pair of factors in each of two parents, 
such as black and red, we shall have four units, namely, two from 
each parent; and only one from each parent is used in the next gen- 
eration. Now these might come together in four possible combina- 
tions in the following generation. Example: The mother has de- 
terminers A for blaek and a for red, and die father A for black and a 
for red. Then we may get combinations of AA, Aa, aA, and aa. These 
different combinations are always formed in equal numbers but with 
no control. 

Dominance, One character may mask the other in the first genera- 
tion in the crossing of two parents. This means that when two in- 
dividuals having different expressions of a unit character (polled x 
homed cattle) are bred together, only one of tiiese characters will 
be seen in the first generation offspring (polled in the above exam- 
ple ) . This character is said to be dominant. This will usually be the 
case if the two parents are pure for these characters. The character 
that is masked or hidden in the first generation, or Fi, is said to be 
recessive. (See Figure 68.) 

It should be kept in mind diat diese laws behave die same in 
either sex. Thus the result will be the same in breeding a homed bull 
to a polled cow as in breeding a polled hull to a homed cow. The 
crosses are said to he reciprocal. Later on we shall see that there are 
some exceptions to these laws. 

As an example or two, we find first the case in which one unit 
character is not completely dominant over its paired gene. If we 
cross a red with a white Shorthorn we get a roan. Red is only par- 
tially dominant over white. Another example is the behavior of 
unit characters which appear to work together rather than singly, 
as in the production of milk. Milk production is accomplished by a 
combination of several heritable factors working as a group. We 
cannot sec the hidden characters of inheritance. Tlicir relation to 
each other or their position on the chromo.somes of the female egg 




F^vre 68 Meadel's breeding expenment A» the top ore the toll pore 

dwarf parent that were flrtt crested to secure the first generotion of o ^ 

The tall peas were mixed in their inheritonce. olthough this could not 
looking ot them; rt is proved in the next generation, which consats of three o 
one dworf. The dwarf in this third generation proved pure in its inheritance, 
further breeding work, nothing but dworf peas resulted. One of the 
in this generation oiso proved pure; however, the other two proved mix n 
inheritonce The pure tolls moted with pore tolls olways resulted m to ® 

mixed carried on the proportion of three loll offspring to one dwarf, an so 

or the male sperm is called the genotype for the character. Tlietf 
result, which we see in coal color, eye color, horn or hornless con 
tion, and in milk, fat, wool, meal, etc., is called the phenot>'po ot 
the character. _ 

The Backcross. We can determine the genotype of indhudua 
by the backcross; that is, if we wash to test an individual, we cross 
it with the pure recessive type. If the individual is hybrid fof ^ 
character, the resulting progeny of the backcross wall be one domi- 
nant and one recessive in equal numbers. 

In attempting to check the genot>'pe of livestock there must be 
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sufficient progeny to give reasonable assurance that the correct ratio 
IS obtained If, for example, vve wished to check a Holstein or an 
Angus for a red factor, we would mate the animal with a recessive 
red such as tlie Guernsey or the Hereford Unless we used several 
crosses m the same parents, we might not have assurance that the 
dominant parent was free of the recessive red 

The Di-Hybrid Cross, When we mate animals, we naturally deal 
with the inheritance of more than one character That is, we deal 
for example with black color versus red and polled versus homed 
at the same time Let us cross an Angus and a Hereford m which 
diere are two pairs of genes that are unlike or heterozygous All pos- 
sible combinations can be represented, and tlie characters will assort 
independently in the eggs and the sperm There are four possible 
genes from eadi parent The results will be in the same ratio, how- 
ever, with nine black polled animals, three black homed, three red 
polled, and one red homed One can work it out by a checkerboard 
if one wishes 

Lacking of Dominance. When we mate red and white Shortlioms, 
we get roan progeny Thus the result of the gene action for red and 
for white appears in the same animal, yet m the F 2 generation we 
get one red, two roan, and one white again 

If the breeder wishes to breed roan cattle, he must have led cows 
and white bulls, or vice versa 

The breeder should recognize at this time that he cannot tell by 
looking at an animal or a fowl what it ivill transmit We know that 
it can transmit only what it has inherited from its parents, but we 
may not know what characters have been m tlie ancestors of the 
animals ivith which we are working 

We have in poultry a situation which is confusing until we under- 
stand that two pans of factors influence only one characteristic m- 
stead of two The condition in comb inheritance is the result of com- 
plementary factors If we cross a Rose comb with a Pea comb, we 
get a Walnut comb When these hybnds are mated, we get Walnut, 
Rose, Pea, and Single 

When Rosc-combcd and Pea-combed aie crossed, the results are 
Walnut combed, and crossing t«o Walnuts, we get nine Walnuts, 
three Rose, three Pea, and one Single, again a 9 3 3 1 ratio 
Multiple Tactor Inheritance. So far our diseussions ha\ c dealt with 
the iiiheritanee of more or less easily distinguishable charaeters In 
brief, the progein tend to resemble one or more of the ancestors m 
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son.e particular rvay, such as color of hair, presence or absence of 

''Ths is Ulata'd by the fact that one or a few sets of alHie factors 
JtsponsMe for the characters manifested. Even in the ea^ of 
the roan Shorthorn the result is due to the admixture o wo si 

“iTwe study the inheritance of milk, size speed and fertilhy, >t 
cannot be explained so simply; yet rules of inheritance are still at 
work. If we take size in dairy cattle as an illustration, P ^ 
divisions in groups can be made. True, we can easily <l«t.n|r>=h 
between a 1,500 lb. cow and a 900 lb. cow, but we cannot say ^ 

1 200 lb. cow is large or small, and in a herd we shall 
weighing from 1.200 to 1,800 lbs. The reason for so many inter- 
mediate forms being produced is that size in this is 
several sets of gene pairs probably found on several different c 

For example, dominance for any single factor does^ not play an 
important part in size. The question of whether an animal is larg » 
medium, or small is determined by the number of genes for arg 
size present in proportion to the number for small size. 
can see that the effects of these sets of genes, which are responsiD 
for a particular character, are not only equal but add up to some 
result. The more genes for large size, high production, or spee 
present, the greater size, production, or speed we find in the anima . 
On the basis of multiple factor crosses we sometimes get Fa anima s 
more extreme than the grandparents. This is because each paren 
contributes some effective inheritance not supplied by the other 
parent. Many multiple series are known in plants and animals. Quite 
recently it has been discovered that there are heritable antigens m 
the blood of cattle and birds. Already at least Uvo score of these anti- 
gens have been traced in cattle, and we are now using them to prove 
parentage in the case of disputed matings in artificial breeding. The 
day may be near at hand when all purebred dairy sires wall have to 
be blood typed before the breed associations will record their 
progeny. 

ScX'Linked Inheritance. In all examples of inheritance thus far 
shown, no reference has been made to sex. It has made no difference 


luld 

he from the male or from the female. In sex-linked inheritance we 


in which parent the set of characters was placed. That is, it co' 
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find that the genes determining certain characteristics will be lo- 
cated in the chromosomes that determine the sex of the individual. 

The common fruit fly has been used in the laboratory for a study 
of many of our facts on breeding work. It has four pairs of chromo- 
somes. In the female these are all evenly paired, two pairs being 
large bent rods, one pair very small and oval-shaped, and one pair 
long and rod-shaped. The last pair are tlie sex or X chromosomes. 
In the male the makeup of the first three pairs is similar to that in 
the female, but in the fourth pair we find one sex chromosome a 
duplicate of that in the female and the other somewhat smaller xvith 
a bent portion at one end. This is called the Y chromosome. When- 
ever an X and Y appear together, the sex has to be male. 

In the breeding work with the fruit fly, which normally has red 
eyes, a white-eyed mutant male was discovered. This male was 
saved and mated to red-eyed females, and all the progeny were 
red-eyed. In the next generation, however, the expected tliree to 
one ratio of color was apparent, but all the white-eyed individuals 
were males. This phenomenon was explained by finally locating the 
genes for white eyes in the X chromosome. When a red-eyed female 
was mated with a white-eyed male, the flies would have red eyes, 
but the female would also cany in one chromosome the factor for 
the white eye. When mated to a red-eyed male, she in turn would 
yield two red-eyed females, one red-eyed male, and one white-eyed 
male. 

The female produces only one type of sex chromosome, whereas 
the male produces two types, one an X and one a Y. The sex depends 
on which type happens to come from the male. All characteristics 
that are determined by genes carried in the male X chromosome xvill 
therefore show this peculiar type of sex-hnked inheritance. Many 
such characteristics have been located on the chromosome map. 

There are a number of known sex-linked factors in poultry. If 
the barred rock cock is mated to a black or any other non-barred 
breed, the offspring, both male and female, are barred. When the 
Fi hybrids are mated, producing an F: generation, the results are 
three barred individuals, two males and one female, and one black 
or non-barred female. When the reciprocal cross is made, namely, 
black male on barred females, tlie chicks in the Fi are produced 
as barred males and not barred or black females. When these hybrids 
are mated, the resulting generation consists of one-half barred and 




f gure 69 Dyberry Rob n o f ne exomple of o young Morgan horse is the pr 
of 804 crosses bock to the orig not Just n Morgon Ro sed or»d tro ned by his ^ 
Etmer N Seorls of Modison New Jersey he placed second in the three-year 
stallion f ne harness drvmg class at the 1958 Nalionol Morgan Horse Show t 
present t me reg slered Morgan horses ore oil products of notural mating 


one half black males and one half barred and one half black fema es 
Sex Influence Inheritance We must not confuse this type of m 
heritance with sex hnkage In this case the influence does not 
from the X chromosome but from the other cliromosomes cal e 
autosomes They are responsible for the production of the so-calie 
ductless glands which secrete hormones The pituitary, apparent y 
the most important of the ductless glands lies in a bony socket at 
the base of the brain It is known to secrete a dozen or more hor 
mones some of which incite and regulate sexual manifestations 
as well as lactation The female has ovanes and the male has testes 
These glands also have an endocrine function which is manifested by 
differences m the appearance of the female and male In sheep 
some breeds have horns only m the male Some breeds are hornless 
in both sexes In Ayrshire cattle there is found a type of inheritance 
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which produces mahogany and white in the male and red and white 
in the female. In poultry the difference in feathering between males 
and females is due to testicular and ovarian hormones. 

Another type known as sex-limited inheritance is the result of sex 
hormones. The crest in the bulls, the masculinity in tire stallion, and 
bright plumage in the cockerel are all examples of this hormone 
peculiar to the male. 

Inheritance of Lethal and Sublelhal Traits. So far in our study of 
inheritance we have dealt only with those units or genes wliich are 
responsible for producing some observable character. B, for black 
color in the Angus cow, will always produce for us a black calf when 
it appears. There are, however, genes which, when they come to- 
gether in a homozygous state, produce such a drastic action that 
they cause the death of the individual. These are called lethal genes. 
They may exert their killing effect in prenatal life or at birth of the 
individual. In a broader sense a lethal gene is one which leads to the 
premature death of the individual, whether it be in utero, at birtli, 
or after birth. We often hear the latter two spoken of as sublethal 
or semilethal. Some lethals have been found which cause death of 
the gametes, others during the formation or early life of the embryo, 
and others at various stages of uterine individual and postnatal life. 
One of the best-known lethals in animals is found in the Irish Dexter 
breed of cattle. The result is the so-called bulldog calf. In the hetero- 
zygous condition the Dexter is a short-legged, broad-headed in- 
dividual native to Ireland. Wlien it is interbred, it produces a ratio 
of one-half of the Dexter type and one-fourth of the Irish Kerry type. 
The pure, or homozygous Dexter, resembles a Scottie dog and dies 
in utero. The skull is vaulted, the lip is cleft, and the lower jaW 
and the tongue protrude. Such calves are usually aborted between 
the third and the eighth month. Delivery at full time is diiBcult be- 
cause of the huge head. 

In England the practice has been adopted of breeding Dexter to 
Kerry, getting one Dexter and one Kerry, thus avoiding the chance 
of getting the bulldog lethal. 

It is most important in selecting sires for artificial breeding that 
we be assured that each sire is free of all lethal and/or subletlial 
characters. Recently the various breed associations have requested 
their membership to report any sire whose progeny show any one 
of the serious characters. No doubt a plan for testing all sires to 
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the.r inheritance before using them extensively in a breeding p 

^'tTic lethals and snblethals that are common in 

as listed by Eaton ( 1937 ) , are as follmvs, sv ith indications of xvliettier 

they are recessu c or doniinant 

LeTI!ALS and SUDLETIIALS IN DOMESTIC AnIMALS 

Horses 

R 

Atresia coh-doswre of intestine i.nVed R 

Abnormal sex ratio— 55 males 90 fcm'ilcs i u ? 

Lethal white-low fertility-lethal or slcnlity factors or both p 

Stiff forelegs ^ 


Cattle 

Achondroplasia-CDulldog) short legs and head hernia die and 
aborted fourth month 

Achondroplasia-(Bulldog) short head cleft palate deformed jaws 
die soon 

Acrotenasis congenita— amputated— appendages short or absent 
Agnathia— very short lower jaw (sex limited to male^) 

Ankylosis— ossification of joints 
Congenital dropsy— water in tissues and cavities 
Congenital ichthyosis— scaly cracked skin 
Epitheliogenesis imperfecta— imperfect skin, partly hairless— 
septicemia 
Fetal resorption 

Hernia cerebn— failure of frontal bones to fuse 
Impacted molars— short jaw defective teeth— die within week 
Lameness in hind limbs— calves unable to stand 
Muscle contracture— head and legs drawn up— joints stiff 
Mummification-short stiff neck prominent joints— usually die as 
eight month fetus 

Short limbs— limbs short hoofs undeveloped 

Short spine— ribs and vertebrae fused back bent down 

Dwarfism— not distinguished until one year of age 

Blindness— small eyes and cataracts 

Cross eye-detectable at six months to one year 
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Notched ears— ears are very short Semi 

Syndactahsm— only one toe on one of four affected feet 
Flexed pastern— feet turned back 


Sheep 

Amputated— no claws on feet 

Earless and cleft palate 

Lethal gray— in Turkanas and Karakuls 

Muscle contracture— usually stillborn 

Paralysis— hind parts paralyzed— live few days 

Skeletal defects— large head, short upper jaw, rigid fetlocks 


Swine 


Atresia ani— closed colon 
Gatlin mark— parietal or frontal bones not fused 
Cleft palate— young unable to nurse 
Excessive fatness— young die at 40 to 80 kg. 

Fetal mortality 

Hydrocephalus— water outside brain in subachnoid spaces 
Hypotrichosis— hairless (lack of iodine) 

Legless— (Shoulder blades and pelvic bones but not limb buds or leg 
bones) 

Lobed ear— usually also cleft palate and deformed hind legs 

Probably 

Muscle contracture- thick, stiff legs 
Paralysis— hind parts paralyzed 

Linkage. We have seen in the foregoing descriptions of inherit- 
ance that several types of behavior exist in regard to the manner in 
which characters are passed from generation to generation. Gen- 
erally, we have seen that characters are dependent on one pair of 
genes. These genes sometimes come from tlie sex chromosome and 
sometimes from the autosomes. Several cases of dominant and reces- 
sive lethals have been mentioned. Still another type of manifestation 
appeared in which two or more genes showed their effect in a 
multiple series. 

Further summary reveals that sometimes two pairs of genes act 
together to give one result; and again we saw examples of lack of 
dominance, as in the roan Shorlliom. In several of these t)T)es of 
inheritance the 3:1 or the9;3:3:l ratio had exceptions. 


w w 5S w Tj jj) sj *a w a -u a a a a a -o aad 
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In 1910 another pecntiar c\ccplion to Mcndehan 
described by Morgan (1934), who was at that time at Cobimbi 
University. The new exception was called linkage. It 
plained that each cbroinosoine consists of biindrcds of gene 
m linear order. Dr Morgan and bis co-workers put forth the theory 
that when tno genes are close together in a chromosome, there is a 
tendency for some of them to pass from generation to 
together and for their end resnlts to he inherited together. Most tarm 
animals have a large number of chromosomes, and two genes se- 
lected at random are likely to come from separate chromosomes an 
act independently. If we take some character like size, spec , 
production, it is affected by several pairs of genes; and there is a 
strong possibility that some linkage exists among certain o t icm. 
Because of a tendency, however, for certain sections of chromosomes 
to cross over to others during division, the benefit of linkage is 
equally offset; and a breeder cannot get the effect of one gene y 
selecting another close to it. . . 

Mutations. Mutations are chemical rearrangements of the materia 
of which genes are made. The result of a mutation in a gene is evi- 
denced by a change in the inheritance normally caused by tha 
gene. It may behave as a dominant or a recessive.-Mutations are rare, 
occuning perhaps once in every 100,000 cell generations. We do not 
know much about the causes of mutations. The first mutation ever 
discovered was white eye color among red-eye fruit flies in the bio- 
logical laboratory of a large university. Among farm animals the 
best illustration of a mutation is polledncss, or lack of horns, in cer- 
tain cattle. Most mutations are never recognized. They are rarely 
beneficial, often harmful Because of their rarity a breeder can never 
hope to improve his livestock by finding a mutation. Should he ever 
be so fortunate as to discover one, it is an easy Mendelian problem 
to establish it in a family. 


GENETICS AND BETTER LIVESTOCK BREEDING 

To the average breeder of livestock the foregoing facts may tend 
to be confusing, and he will ask, “so what?” A knowledge of basic 
principles and an assurance that they apply to all types of livestock 
inheritance should give the breeder confidence in trying to improve 
his flocks and herds. The principles as laid down have never yet 
been contradicted or disproved. The breeder must recognize that 
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most of the piinciples are general and must be applied in a general 
way. They are given only as a guide, and they do serve to explain why 
things happen as they do in the mating of our various types of 
livestock. 

Variation as a Tool. Perhaps the previous statement of how inher- 
itance works will serve to explain why no two calves, no two 
chickens, pigs, horses, or even humans, are just exactly alike. It is 
very well said that variation is both the hope and the despair of the 
breeder. Because cows vary in size, color, milk production, fat per- 
centage, and longevity, there is always the opportunity for improve- 
ment. If we take a census of all livestock, we recognize that variation 
is really almost unlimited. We find, for example, that the milk of the 
Holstein cow averages, for the breed approximately 3.7 per cent 
butterfat, but the variation extends all the way from below 3 per 
cent to above 4.5 per cent. The New Jersey Holstein Breeding Experi- 
ment has been developed since 1932 around a selected group of 30 
females, all of which tested from 3.8 to 4.4 per cent. Since then 
several scores of cows descended from the original group as a result 
of matings witli sires of known high butterfat inheritance. The aver- 
age of all these cows is 4.0 per cent of butterfat, and tlie milk pro- 
duction of the pres«it group is above that of the foundation animals. 

Variation is a tool then for the improvement of livestock. It pro- 
vides the breeder with the genes lo fashion higher production, better 
udders, stronger legs, or straighter rumps. The alert breeder is 
always looking for the exception in hope that it may give him the 
desirable change that will be of economic importance to the live- 
stock industry. He does not create anything new. He merely recog- 
nizes new combinations of factors and attempts to hold them by 
certain matings. He discovers animals with an inheritance tliat he 
does not want, and he discards lliem. He puts together what he likes 
witli the hope that he can breed future progeny with the good points 
of tlie selected parents. 

Controlling Inheritance, There are only a few practices that a 
breeder can use to change the inherent makeup of his livestock. Ho 
can decide which ones will be allowed to become parents and which 
ones he will discard. Also, he has his choice with tliose he selects as 
to whether he will breed together those which are alike or those 
which are unlike. In brief, he can breed likes to hold certain char- 
acteristics, or he can mate unlikes with the hope of changing certain 
characteristics. 
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Fiflur* 70. Marlu Mlledy and her doughter Marlw Miledy's Foshion, of Morlu ' 
Linereft, New Jersey. Mario Milady ha* o record of 25,293 lbs. of millt ond » 
lbs. of butlerfet. 


The rapidity with which changes are brought about depends upon 
the frequency of the gene which influences the change in the new 
combination. For example, if we were selecting against a red factor 
in Holsteins or Angus, our success would depend on the frequency 
of the gene for red among the animals selected to be parents. 

In selecting animals for breed changes, the breeder considers not 
only how their superior characteristics outweigh the inferior traits 
but also how the animals selected compare with other animals avail- 
able to him. Practically spealdng, the breeder selects his animals for 
breed improvement on the basis of net merit. The rate at which a 
breeder can change his herd or flock depends upon how far he can 
afford to go in discarding the undesirable animals. The difference be- 
tween the average for certain factors in his herd or flock and the 
average of those he saves for breeders is called the selection differ- 
ential. Tlierefore, in order to avoid mistakes the breeder should set 
up goals, systematic scoring with yardsticks of individual merit. 

Use of the Yardstick. For the purpose of studying the improvement 
a breeder is making in his animals, there are various analyses that 
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should be made regularly. Many colleges of agriculture are now 
making available to breeders a herd analysis service for production. 
Charts are so organized as to permit an examination of cow families, 
or the descendants of certain cows tlirough three or more genera- 
tions. The daughters and granddaughters of an individual cow are 
compared to their half sisters by the same sire. A comparison on this 
basis gives a breeder the opportunity to select certain of his su- 
perior female lines for concentrated breeding, and to discard those 
that do not measure up. This type of analysis may include birth 
weight, growth weight, height, heart girth, and health, also concep- 
tion rate, calf mortality, and longevity. It can be used for all elasses 
or breeds of hvestock and should be a part of the annual inventory 
to determine what variations for good or bad are taking place. It 
reveals the weaknesses that exist in the herd or flock and immediately 
gives the breeder an idea of what he must keep in mind in selecting 
future males for mating. 

Type classification reveals strong and weak points of conforma- 
tion. Through herd classification, the breeder has an opportunity 
right on his own farm to rate his own cattle with the ideal type and 
to compare them with the average of the breed. Classification per- 
mits the breeder to recognize animals of superior type and to elimi- 
nate those that are less desirable. 

Classification Standabds ° 

A. Excellent. Animals must be scored according to the oiEcial scale of 
points and found to score 90 points or more before being officially 
designated Excellent. 

B. Very Good. Animals which in the opinion of the judge would score 
approximately 85 and less than 90. 

C. Good Plus. Animals which in the opinion of the judge would score 
approximately SO and less than 85. 

D. Good. Animals which in the opinion of the judge would score 75 and 
less than 80. 

E. Fair. Animals which in the opinion of the judge would score approxi- 
mately 70 and less than 75. 

F. Poor. Animals which in the opinion of the judge would score less than 
70. 

• Score cards for all forms of livestock may be secured from the Breed As- 
sociation Ofiiccs. 
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above standard, Holstein cows are classified on the basis 


of: 


1. Detailed classification 

2. General appearance 

3. Dairy character 

4. Body capacity 


5. Mammary system 

6. Fore udder 

7. Rear udder 

8. Feet and legs 

9. Rump 


Definition's " 


Chromosome. One of the rod-like or rounded bodies into wWch fte 
chromatin of a nucleus is resolved at the time of cell divisi * 
cellular elements regarded as the carriers of hereditary chara 


Unit characters. Any characters of any organism that behave as a 
in inheritance-plant size in peas, horns in cattle, and so on. 

Genes. The units of inheritance that probably react together ana ^ 
the cytoplasm and these two with the environment to make pa e 
the organism’s latent potentialities . 

AHcIc. Mendelian characters are inherited in alternative pairs (or senes;. 
These alternative forms of a gene, which are located at the sam 
point on each one of a pair of chromosomes, are called alleles, 

example, horns (recessive), homlessness (dominant). 

Dominant. A character, possessed by one of the parents of a hybrid, whxc 
is manifested in the hybrid to the apparent exclusion of the con 
trasted character from the other parent (the recessive). 

Ihjhrid. The individual that arises from crossing parents which are pure 
for certain different characteristics. 

Phenotype The expressed character (or sum of all the characters) of an 
organism. 

Genofype. What an organism actually is as determined by its germ plasm. 
Ilctcrozygote. An organism to which its two parents have contributed 
unlike genes with respect to any gixen allelic pair governing con- 
trasted characters, and which in turn produces txvo kinds of germ 
cells with respect to the character. (Heterozygous, adjective.) 
Cflnicfc. A reproductive cell of either sex; a sperm or egg. 

Heredity. Tlie resemblance, derived from the ancestry, among organisms 
related by descent. 

Vflriafion. In biolog) , the occurrence of differences among the individuals 
of the same species or variety. 


X • DcKniltons taken from Ricc, 1931. 
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Systems of Breeding 


JOHN W. BARTLETT 

A. system oE breeding is in reality a method of controlling inherit 
ance. If a system fails, we may say that it is not the fault of the sy ^ 
tern but of our selection of animals with a poor inheritance, im 
provement in livestock is under our control only insofar as we are 
able to detect, and to raise progeny only from livestock which carry, 
those characters we want. Rice says in Breeding and Improvemen oj 
Farm Animals that every breed has a certain number of good genes 
and a certain number of bad ones. An individual breeder, then, can 
hope for progress only when he can increase the frequency 
the desirable ones or can look for recombinations into favorao 
groupings. 

There are four principles that every breeder must learn early i 
his work is to be a success. He must have an idea of what he wants 
to accomplish and adhere strictly to it. He must have a clear idea or 
the history of the animals with which he is going to work and must 
recognize their strong and weak points. He must know how far he 
may go in creating variations and still get back to his original goal. 
He must keep in mind that to be successful his program should be 
economically sound. 

Every breeder should recognize that his own animals have a 
storehouse of heritable characters. Even within his own herd or flock, 
selection may be able to give him many of the results which would 
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improve his average. Most breeders, however, attempt to make 
changes in their herds and flocks by the introduction of males from 
other breeders. In tire Holstein breed the range of butterfat per- 
centage has been shown to be over 1 per cent without any apparent 
change occurring in milk production. Certainly those animals in the 
high brackets afford an opportunity for selection. Not many years 
ago tlie average hog was short-legged and deep-bodied. It was a 
so-called lard type. Today we have completely changed the accepted 
type of hog to a longer-legged, strong-backed animal of the bacon 
type, with extra large hams of greatly increased commercial value. 
All this was done by systems of breeding and intelligent selection. 


HOW CAN A BREEDER CHANGE HIS ANIMALS? 

All who knew him will agree tliat James E. Dodge' was a master 
breeder of horses, cattle, and hogs. He once said that if a man could 
see the faults in his animals, it was an easy matter to change them. 
If the faults can be seen, he has the power to determine which ani- 
mals shall have progeny and which ones shall be discarded. This is 
selection and was used by breeders long before we knew anything 
about the laws of inheritance. There are several methods of selection, 
and few breeders agree on what is the correct one. When we analyze 
the various methods, it is clear that selection is based on individual 
merit, pedigree, progeny, or a combination of all three. Many breed- 
ers cannot e,xplain their successes but intuitively have mated their 
animals on the basis of similarity or difference, whetlier in individ- 
uality, progeny, or pedigree. In brief, tlren, we like to perpetuate de- 
sirable characteristics, or we mate unlikes to change an undesirable 
characteristic to a more favorable one. If our animals are related, 
we practice some degree of close breeding; the more closely related, 
the greater the intensity. If no blood relationship exists in our mat- 
ings, we are practicing outbreeding. 

As an illustration, there was a fad only a few years ago for white 
Holsteins, and breeders always bred light to light to maintain this 
fad. On tire other hand, Carstons Bridesmaid, a very beautiful Ayr- 
shire cow, was imported to this country from Scotland principally 
to produce a son whose daughters might have the perfect udder of 

• Manager of Emmadine Guernsey rarm, Hopewell Junction, Nerv York. 
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then paternal grandam A straight-legged sire 

the hope of correcting an inherited weakness in the egs 

ters of another sire. 

GRADING 

Grading is the practice of using purebred sires on native or irfenor 
females. The system began after it ^ad been demonstrated 
sires with a long line of pure breeding and seleetion r P 

milk production, wool length, or other qualities when 
grade females. It has recently been shown m . .^ith 

Experiment at the New Jersey Experiment Station tha 
a few generations of inbreeding for high butterfat P®^"; ^ j, 
pass outbred sires from a high testing dam in passing on 
butterfat test factor when mated to grade cows or unre a e i 

The first generation resulting from crossing highly inbred, 
sires on inferior females usually results in a very noticeable c & 
for the better. The result is that the progeny carry 50 P®f ® , 
blood of the better sires. The following generations will show 
improvement as their genetic maheup becomes more and more 
the superior purebred parent, and the percentage of change in 
generation becomes less and less. As an example, the second gen 
eration carries 75 per cent pure blood, the third 87.5 per 
so on until, after five or six lop crosses, the amount of ^ 

approaches 100 per cent. On this basis the original cow s influence 
becomes less and less, but to a smaller degree in each generation. 
For those dairymen who subscribe to the plan of breeding to superior 
proved sires in artificial breeding associations, this will be parbeu 
larly true; and the more highly improved their cows may be, the 
rapid will be the change for higher production as compared wtn a 
neighbor who may have a low-producing herd. One of the princip 
functions of an artificial breeding organization is to furnish the com- 
mercial farmer with superior seed stock. The commercial producer 
is therefore grading up with a superior dose of good inhentance upon 
which he can depend to improve his animals. The cost of such a 
program is without doubt quite low to the individual who cannot 
afford to o\vji a superior sire. The breeder of purebreds has long 
recognized that grading is sound, because it offers a market for bis 
meritorious sires. 
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CROSSBREEDING 

Crossbreeding is tire mating of purebred animals belonging to 
different breeds. It has been done in the past few years by crossing 
the high milking breeds of dairy cattle with the high butterfat test- 
ing in an attempt to get both high production and high butterfat 
content. 

It has been more generally used in the past with meat animals, 
because it usually brings about an increase in size and vigor. Cross- 
breeding. as tire term implies, brings together animals of different 
genetic makeup and results in many kinds of variations. Generally, 
it is unwise to breed the crossbreds to eitlier parent purebred strain, 
because immediately the recessive characters appear. Some of tire 
unfavorable ones of each parental strain might appear in the suc- 
ceeding generation. Robertson (1949), the English geneticist, has 
shown that in one recent experiment with dairy cattle, crossbreed- 
ing seems to have had a heterosis effect of 15 to 25 per cent when the 
production of purebreds and crossbreds from the same dams were 
compared. Therefore it can be said that crossbreeding has its ad- 
vantages as well as disadvantages. 

During the past twenty-five years a number of crossbreeding ex- 
periments have been conducted. At tlie Maryland Experiment Sta- 
tion it was shown in 1941 that crossbred Plymouth Rock poultry from 
the same sires were superior to the purebreds in feed utilization in 
the production of broilers. 

Crossbreeding between different breeds of swine has long shown 
some advantages. At the Illinois Station a double litter of pigs from 
a purebred Duroc boar and a purebred Poland China boar on a 
Duron sow contained six Duroc Jerseys and four crossbreds, which 
were spotted red and black. The birth weight of the purebreds was 
3.23 lb., and the cross breds averaged 3.75 lb. The females were 
weighed at six months of age after being raised under identical con- 
ditions. Two remaining purebred females averaged 185.5 lb. each, 
and the female crossbreds weighed 228 lb. This is a striking example 
of the advantage of cross breeding. 

On several occasions grand champion steers at the International 
Livestock Show have been crosses between Herefords and Angus or 
Shorthorns. Toggenburg goats crossed with Nubians appear to make 
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superior milk producers, and llreir kids have a deeded ^van^ 
as meat, Sheep breeders have for a long trme practiced 
mg. Hampshire Down rams on Kerry Hill ewes have most su^ 
cessful in giving thickset, well-fleshed, and hardy lambs. SuiiolK 
rams have been in great demand in England for outcrossing wi 
ewes of other breeds to produce fat lambs which put on weig 
rapidly. Everyone knows of the sturdy, tough qualities of the tnui^ 
Crossbreeding m dairy cattle has been rather limited because airy 
cows, to be profitable, should be kept in production for severa yea 
The second cross of a crossbred carries 75 per cent of one ’ 

therefore the resulting animal is likely to show more of the qua i 
of one breed than the other, sometimes to a decided disadvaritage. 

In commercial herds some dairymen use a Brown Swiss sire o 
top cross, and the resulting calves command a premium price m ^ 
veal market. In some artificial breeding organizations, a bee u 
is used on commercial herds for the same purpose. With the use o 
the Angus sire upon dairy first-calf heifers, the progeny are often 
smaller at birth than when a dairy bull is used. 

It may be concluded that crossbreeding is a successful program 
in producing meat animals of superior quality. It should be used only 
one generation. Therefore it is necessary to carry purebred sirw o 
two breeds in order to have parent stock. The artificial breeding 
program takes care of this and offers sires of known superiority tor 
crossbreeding opportunities. 


OUTCROSSING 

Outcrossing is the mating of animals of the same breed but wth 
no relationship for at least the first five generations. An outcross is 
often called a cold blood cross. It is usually the use of a male on a 
closely bred group of females or on a single female to introduce some 
desirable inheritance or to overcome some factor which seems to 
have developed in a closely bred family. An outcross is sometimes 
used to continue or retain a heterozygous type, where close breeding 
would result in undesirable factors. For this reason some breeders 
prefer to follow one good bull with another not very closely related. 
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CLOSE BREEDING 

Close breeding means the mating of relatives within a family. 

The mating of animals which have a common ancestor in tlie first 
four or five generations is generally classed as close breeding. For 
the purpose of this chapter, close breeding will be divided into two 
categories, namely, inbreeding and line breeding. Inbreeding in- 
cludes matings of full brother and sister, father to daughter, and 
mother to son. Line breeding includes half brother and sister, first 
cousins, and other animals more distantly related but with a common 
ancestor. 

Close breeding is a means of purification of stock, for it brings 
to light weaknesses which may remain hidden for generations. In 
brief, if we may appreciate its possibilities, it becomes a tool for 
ridding a family of certain undesirable characteristics and of puri- 
fying it for those we would favor. It does not create anything new, 
but with selection it permits pairs of recessive genes to become fixed. 
Helen Dean King of Philadelphia has probably done more to illus- 
trate the possibilities of close breeding than any otlier breeder. She 
selected a pair of large white rats. From tlie offspring of tliis pair 
she selected a full brother and sister with one thought in mind, to 
maintain size and vigor. For seven generations she closebred and 
selected the improved individuals until she had apparently secured 
a pure inheritance. So she has continued to breed this family for 80 
generations without any bad results. If breeders may take a lesson 
from Dr. King, it does not seem impossible to develop superior strains 
of domestic animals by close breeding. 

The great role of inbreeding should be tlie elimination of the 
bad traits and the doubling up on the good ones. It should be ob- 
vious that if closebred animals become so weak that they cannot 
live, it is well to rid the breed of them. 


iNcnossiKG on unc cnossiNc 

The development and crossing of inbred lines is somewhat of a 
new philosophy in livestock breeding. Experiments with plants 
(hybrid com) and swine have resulted in progeny superior to the 
better parent. At the California Experiment Station it w.-is demon- 
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strated that crossing an .nbrcd sire on unrelated 
suited in heterosis with da.ry cattle as well as "’'l'' f 
obtained anrong dairymen rn that state in the ^ 

sires from different lines on closely bred females indicate a practical 
value from this system of breeding. 


IS INBREEDINO A SAFE METHOD? 

If we really understand inbreeding, we quickly recognize that 
both good and harm may come from its practices. Inbreeding oe 
not create, neither does it destroy. All that any breeding sys e 
does is to recombine the inheritance factors or genes that a rca y 
have been inherited from a previous generation into recombinations 
which will be exhibited by the new generation. Each present in > 
vidual is merely a progenitor carrying in himself or hersmf t le 
combination received from the two immediate parents. If wc have a 
preponderance of good factors in our stock to begin with, 
breeding and selection will improve the future generations. T e 
writer knows several breeders who breed the first few daughters o 
a sire back to him m order to find out if his genetic makeup is goo 
or bad. 

At the University of California, Mead, Gregory, and Regan ( ' 
report a lethal which has appeared in a herd of inbred Jerseys. The 
sublethal type of achrondoplasia differed from tlie Telmark type m 
that it was a milder and more variable manifestation. The examina- 
tion of the pedigrees of 11 affected animals showed the defect to be 
inherited as a simple autosomal recessive. 

The appearance of this lethal might have remained unnoticed 
had inbreeding not been practiced. It was not the inbreeding that 
caused the lethal, but inbreeding was a method which revealed that 
it existed in this family of Jerseys. 

Winters and associates at the University of Minnesota have re- 
cently conducted some extensive inbreeding work with hogs. The 
three items that received the most attention in the development of 
an inhred line of swine were fertility, the rate of gain from weaning 
to 200 lb., and the economy of gain. The experiment raised the co- 
efficient of inbreeding to 0.24, and showed that the poor performance 
and deterioration generally assumed to accompany the inbreeding 
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of an Fi generation did not occur. Also, this experiment points the 
way to a new method of animal improvement. 

It has been shown in tlie New Jersey Holstein breeding studies 
that letlials and deformities will appear in some famihes and that 
production and size will go down in otliers. In other families good 
results were attained. Inbreeding, plus rigid selection, was success- 
ful. But it is perhaps safer to line breed to some outstanding female 
or male than to take tire risk of inbreeding. 

In the breeding of poultry it is reported by JuU (1932) that many 
recessive genes are less desirable than dominant ones, and inbreed- 
ing concentrates these undesirable recessives which have been 
hidden by tlie desirable dominants. “Inbreeding may be practiced 
to some extent with rigidly selected stock, and in tliis way the im- 
desirable characters can be eliminated. 
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•■Lme breeding eliminates the danger of mating full sisters to full 
brothers, whieh might bring out undesirable eliaraeters. Lme bre d- 
ing requires the purchase of one good male and rigid select 

hens for breeding stock ^ ^ v»pf»iuse 

He says erossbred stock may be supenor m many 
of hybrid vigor. “The progeny of crossbred stock are of 
for breeding than the parents; therefore it would be ^ 

maintain tu o strains of purebred stock for crossbreeding-a handicap 


for the average breeder ” , , t fnr 

Lush (1934) has reported a herd of Beef Shorthorns bred 
20 years without new blood being introduced. A composite pe igree 
of this herd is shown in Figure 71. t V. n 

Probably one of the greatest demonstrations in breeding has bee 
that of the development of the Glcnbumie family of Guernseys y 
James E. Russell (1936). From 1906, when he pumhased Kmg 
Masher 11034, until his death he practiced line breeding and some 
inbreeding in three strains of foundation animals. His greatest bu 
cost $75, and he never paid a high price for any male or female. 
From this herd, however, has come foundation stock for a grea 
many new breeders. Sales have shown that the public has con- 
fidence in a long line of breeding. To quote Dr. Russell in 1936: I 
can say unqualifiedly that there has been no loss of constitution ana 
vigor. King Masher’s daughters ranged in weight from 1,150 to 
1,300 lb. Iwenty-five years later the get of Dunwalke Lad 113342 
matched them pound for pound. I note that type improves with each 
generation of inbreeding with some loss in size. In productivity my 
best claim to success is that I have increased the average production 
of the herd.” An example of one of many great Glenbumie cows is 
Glenbumie Golden, which produced 10,947.1 lb. of milk and 644.9 lb. 
of butterfat as a Junior two-year-old. She is the result of close breed- 
ing and selection. (Figure 72.) 

The New Jersey Station used close breeding in an attempt to breed 
a family of Holsteins with a high butterfat test. Females with aver- 
age butterfat tests of 3,8 to 4.2 per cent were mated with sires proved 
for high test. Progeny of these matings were crossed and sons and 
daughters saved for further close breeding. Conclusions indicate 
that the fat tests have increased twice as fast by close breeding 3S 
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Figure 72. Gtenburnie Golden at four years of age, a product of thirty years of 
constructive breeding tn the Guernsey herd of Dr James E Russell, Lawreneeville, 
New Jersey 


by mating high-testing cattle without attention to family relation- 
ships. 

The Coafpcient of Inbreeding. In the selection of sires to be used 
m artificial breeding it may become important to ascertain some 
quantitative measure of comparative matings. For this purpose a 
formula known as Wright’s Coefficient of Inbreeding may bo 
adopted. It is written as follows: 

/» = +/.) 

This formula can be explained upon tlic appearance of common 
ancestors in the pedigree of both the sire and dam of an inbred or 
closebred animal. If we may call a common ancestor A. then the 
number of generations from sire n and dam n' are added together and 
increased by one (the animal in question is one generation from its 
parents), and this value is used as llie exponent of onc-lialf, one-half 
heing the possible contribution of each parent. If tlie common ances- 
tor A is inbred, his coefficient of inbreeding /. is determined by the 
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same method and figured in the abo\c equation If a common an- 
cestor IS not inbred, then the formula reduces to (54)"+"'+’. The 
degree of close rclatioiislup is quickly obtainable in either case (see 
Table XV). 

Table XV 


Common 
ancestors 
of nre 

Inrhndual and dam 

/. n 


Hh -h 

«' + (l+/.) 

X D 

0 I 

2 

H‘ = 

>ic = 0 0C25 

E 

0 1 

2 

Vz'- 

«,6 *= 0 0025 


CoefTicient of InbrcoduiR « 0 125 


Table XVI shows the application of the simple common ancestor. 


Table X^ I 



In Table XN^II we ha\e a bit more complicated pedigree in which 
the sire is himself inbred 


Table XMI 



.nSr; ellt m ^ 
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Table X\'III 


Indiiidual 

Common 
ancestors 
of sire 

and dam /« 

n n' 

4- n' + l(i+/ai 

A 

H 0 

G 0 

2 1 

1 I 

0.0625 

0.1250 

Coefficient of Inbreeding = 0 1875 


Table XIX 


Individual 

Common 
ancestors 
of sire 
and dam 


n 

n' 

}in + + 3[i+/o] 

Y 

A 

.1875 

0 

1 

= .25 X 1.875 = .29685 


E 

0 

1 

1 

.1250 


G 

0 

2 

2 

.0312 


H 

0 

2 

2 

.0150 


Coefficient of Inbreeding = 0.46Sr. 


Wright also says that when we inbreed, we reduce the percentage 
of heterozygosis. If we recognize that each parent may transmit 
50 per cent to its offspring, then we may find the percentage of 
likeness or liomozygosis by the following equation: 

Homozygosis = 50(1 +/o) 

Tlius, assuming 50 per cent of homozygosis from the parents from 
which X came, we have 50(1 + .125) or 56.25 per cent; similarly, 
for Y we have 50(1 + .4687 ) or 73.4 per cent homoz>'gosis. 


ANIMAL RELATIONSHIPS 

The term “family characteristics” is not an uncommon term. 
Breeders are often heard to remark about blood relationship of tlicir 
animals and to measure it in tcims of per cent. Relationship behvccn 
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Table XXI • 


Name 

N JES Sir 
Mutual Ormsby 
Je^\ el Alice 
#654594 
Born 

Dec 1, 1931 


■Ne;\mont Mutual 
Ormsby Lad 
493889 


Ormsby Sensation 
45th 442551 


Nemnont Mutual 
Scotia 575310 


Ormsby Sensation 
45th 442551 


Nemnont Ormsby 
Jen el Alice 
• 1239022 


Ne\vmont Ormsby 
Jencl 1094461 ] 


• From Rice, 1951 


Ormsby Sensation 
274543 

Shady Maple King 

Pontiac Hockster 
219580 

Sir Mutual Scotia 
170631 

Isa Scotia Beets 
315248 

'Ormsby Sensation 
274343 

Shady Maple King 

Pontiac Hockster 
219580 

r Ormsby Sensation 
45th 442551 

Clothilde Maid 

Ormsby Bess 


Sir Mutual Oimsby Jewel Alice This bull carries 625 per cent of 
the blood of Ormsby Sensation 45th, getting 25 per cent from the 
latter^s appearance in the second generation of the pedigree and 
12 5 per cent from his appearance in the third generation. If we 
examine the percentage of Ormsby Sensation blood in the two 
parents, we find Newmont Ormsby Jewel Alice carries 75 per cent 
and Newmont Mutual Ormsby Lad 50 per cent. Averaging the two, 
we get 62.5 per cent as the amount carried by N.J.K.S. Sir Mutual 
Ormsby Jewel Alice. 

If we wish to find the relationship between the parents of an 
animal with a common ancestor, we measure the sum of all the pos- 
sible paths by which duplication of gene effects in tlie common 
ancestor may have reached those parents If we call one parent x 
and the other tj, and recognize that there is an equal chance that 
contribution of each path is equal to n is the number of 

generations from x back to tlie common ancestor and n' is the number 
of generations from y back to the common ancestor. 

The sire and dam of N.J.E.S. Sir Mutual Ormsby Jewel Alice are 
collaterally related, that is, have a common ancestor, and tlie bull 
is closebred. Ormsby Sensation 45tb may have transmitted some 



316 Artificial Insemination of Farm Animals 
characteristics through three different descendants to his double 

grandson „ . " ct 

To find the relationship of the sire and dam of "Alice, we must 
follow the lines to Ormsby SensaUon 45th and count the generations 
involved according to the relationship formula: 

From Sire to Orm*!!)}’ Sensation ^Stli = 1 _ 

From Dam to Ormsby Sen^^ation 45th = 1 == )^^ " 25% 

From Sire to Ormsby Sen^-ation 45th = 1 
From Dam tlirough Maternal Gran- 

dams to Ormsby Sensation 45th = 2 “ 12.5% 

37.5% 

This shows that the parents of "Alice** are 37.5 per cent related 
(small correction needed for inbreeding involved )- 
It will be seen that m direct relationship, blood percentage does 
express relationship, but when there is a common ancestor, it is a 
mistake to speak of blood percentage The "Alice** bull is 62 5 p^ 
cent of Ormsby Sensation 45th. However, the sire wbicb carries 50 
per cent of Ormsby Sensation 45lh and the dam 75 per cent bear a 
relationship of only 37 5 per cent to each other. 

BIIEEDINC METHODS COMPARED 

The author would call attention to Table XXII, which is taken 
from a report of a recent study at the University of Maine ( Hall and 
Dickey, 1957) in which outcrossing, inbreeding, and incrossing are 
compared 

Table XXII Result or Mating Each or 22 Holstein 
Sires Having In*bbeeding Coeiticients of More Than 
12 5 Per Cent with Related akd Unrelated Cows * 


A^o of Dam* 8 Daughter’s 

Tovrt fat meld fat yield 


Outcrossmg 

373 

468 

492 

+24 

Inbreeding 

114 

498 

466 

—32 

Incrossing 

18S 

414 

496 

+82 

Total or Av 

025 

457 

489 

+32 


• All records on 2X, 10 months’ lactation, mature basos 
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SmUMARY 

This chapter has sho\vn that there are several methods of mating 
animals to secure improvement. Grading up a herd or flock through 
sires used in artificial insemination units holds great promise for 
the beginner and for tlie commercial producer. It offers a more 
economical method than owning his own sire. Crossbreeding seems 
to offer desirable results in the production of meat and wool. 

Close breeding does not create any new genes, but through re- 
combinations of good ones the breeder may concentrate desirable 
factors in his animals. Inbreeding produces good or bad results in a 
herd or flock, depending upon the hidden factors which exist in 
animals which have common ancestors. 

Inbreeding can be successful only if we start with animals of 
the proper inheritance and practice rigid selection. 

Only those breeders who have large herds or flocks and animals 
of above average quality should attempt inbreeding. Line breeding 
is safe and is recommended. 

Finally, breed improvement requires skill, patience, and a fond- 
ness for animals. 
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16 


Selection for Animal 
Improvement 


JOHN W. BARTLETT 


Better livestock and more economical production can be obtained 
chiefly by selecting tlie right kind of sire. We have often heard tlie 
saying that “tlie sire is half the herd.” This is all too true when he 
turns out to be a poor one. Many livestock owners have been nearly 
ruined by sires whose daughters produced much less than their dams. 
We should recognize that the sire has as much influence on the 
future females in the herd or flock as all the females to which he is 
bred. It has been mentioned in previous chapters that artificial in- 
semination permits the use of superior sires of known inheritance 
at a cost within the reach of any breeder. 

The problem in sire selection is to get one whose inheritance is 
better than that of tlie top half of the herd or flock in which he is 
to be used. Even when tlie best judgment is used, sires rvill cross 
much better in some herds tlian in otliers. As a result of using proved 
sires for several generations, the United States Department of Agri- 
culture Bureau of Dairying has very materially increased produc- 
tion in tlie Beltsville and substation herds. Experience indicates that 
best results are obtained when there is some similarity of blood lines 
in the sire and the females with which he is mated. 
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SELECTION 


BY BECOnDS on PEDIGREE 


Selection, as has been shown previously may he >"“'1::^*': 
basis of individuality, pedigree, or rccor^ of daughters. I 
thor’s belief that insofar as possible all three should be us . ^ 

breeder should keep in mind the faults of his females when choosing 
a sire to mate with them. Certainly if there is a tendency 
sloping rumps, weak pasterns, poor shoulders, or unsound pa 
any kind, the sire should he especially strong in these respects, 
base our choice of a sire on individuality alone is not ee|ietica y 
sound. What an animal looks like has been shown to be only a P* 
of the story. His forebears may have been quite different. 

After the individuality of the animal has been given the 
consideration, its pedigree should be studied very carefully, o 
of any real value a pedigree must be complete with information 
the proper accomplishments of all the animals concerned. It s lou 
be noted that sire and dam may have the same genetic influence on 
their offspring; therefore a pedigree should be balanced. One shou 
not put considerable emphasis on any one animal and neglect o 
realize that the animal mated to it may also have his or her influence. 

Many dairymen in looking for a new sire are attracted to a 
flowery type of pedigree in which very little indication of his future 
performance is given. They are often led to pay prices all out o 
reason, knowing little of what his real inheritance is or what sue 
a sire may be able to transmit. 

Purchasing a future sire that is not already proved is always some- 
what of a gamble, yet we must select and prove young bulls. Table 
XXIII is an illustration of a pedigree in which the purchaser may 
have real confidence. Winterthur Zeus Fobes Crescent has two gen- 
erations and more of ancestors that have demonstrated an inherit- 
ance for high production of milk and butterfat as well as very out- 
standing type. Recent reports on several daughters of Crescent in- 
dicate that he is transmitting very well when mated to females of 
high production and good type. 

"What Is a Good Record? Undoubtedly the greatest block to rapid 
improvement in breeding is created by the breeder himself. If he 
lacks willingness to get records of performance of his animals, he 
will lack information to guide him in his business. 
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Table XXIII Pediorbb op Winibstbcr Zeus Fores Crescevc 


‘P'^BST WINTERTHUR ZEUS 
•■EX” Cold Medal Sire 931354 
HIR Proof 

28HTdaus 14.990M 3W% S95F 
27HTdaus 14.975 3 98 596 

S7HTdaiia 15,639 3 94 6IS 


W INTERTKUR ZEUS FORES 
CRESCENT 1024553 "VO” 
Bom October 10, 1947 
Breeder Winterthur Fanns, 
Wilniirntton, Delaware 


-654 +W *-19 

Sire of 

R’interthur Zeua Pobea Baska 
4y3m 2 X 365 20.436 3 8 774 
Winterthur Zeus Fobes Cajalo 
2y7in 2 X 305 18.536 4 0 748 
K National Record 
Rlnterthur Zeus Fobes Ceseqoel 
3y5in 2X363 18,633 4 1 762 
2d 00 1952 Honor Ijst 


IVINTERTHUR FOBES SELECT 
ZAM4L0 "VG” 2523493 
3 r 4 ra 2 X 358 14 648 4 0 5«6 
47610 2 X 305 16.267 4 0 647 
SySm 2 X 350 27.743 4 0 703 
6 y 10 cn 2 X 365 15 40S 3 9 602 
4yl0m ClasiRcd 
VV VV + + + + + 

A Daughter VGatSylOin 
2X363 15 672 4 0 629 
Zanulo'a full sister 
3y7ni 2 X 365 23.926 3 8 906 


'WISCONSIN ADMIRAL BURKE LAD 
"VC” Gold Medal Sire 697789 
Sire of All-American Gel 1947-4S 
HIR ftoof 

lOSdaus. 13,920 M 3 66% 509 F 
63daus 13.5S0 3 70 502 

63 dams 13,000 3 62 471 


4 5S0 -f08 +31 

45 Excellent Offspring 
Pabst Burke Lottie at 5 y 5 m 3 X 365 
27029 M 38% 965 F 


WINTERTHUR GREAT KANN EOLOHR 
1034437 

2y3m 3 X 365 16,217 3 8 609 
3y4m 3 X 365 19,035 3 9 747 
4 y 7 m 3 X 365 24,857 4 0 997 
6 y 2 m 3 X 365 24,29S 3 8 929 
She IS a daughter of an 
Excellent Sire 


‘POSCII ORMSBY FOBES I41h 
•EX” Gold Medal Sire 
HIR Proof 

esdaus 15,380 M 3 87% 60SF 
63daus. 15,400 3 90 601 

63 dams 15.310 3 81 5S3 


+90 +.09 +18 

I Five times Leading Honor last 
Sire of the Breed 

I 

WINTERTHUR SELECT NEBSKA 
VAMALO 
“CP’ 2205510 

2y3m 2 X 365 13,813 4 0 552 
SySm 2 X 365 18,223 4 0 735 
4y9m 2 X 365 17,271 4 2 723 
SyJDm 2 X 365 18 100 4 7 850 
Fixe other records up to II years of age Her 
sire a iilrer production sire. 


The dairyman may ask, ‘AVhat is a good record?” He should not 
be satisfied with a few cows* records— his standard should be a 
yearly herd average. To be profitable the goal should be at least 
400 lb. of buttcrfat a year on Iwice-a-day milking for two-year-olds. 
Such heifers should develop into cows that will produce 500 to 600 
lb. at maturity and continue in production for five to seven years on 
the average. Tliis is a high goal, but it can be achieved by continuous 
record keeping and the use of good bulls. Many daiiy'men have 
already surpassed this goal. 

In selecting cockerels to mate with a flock of hens, trap-nest rcc- 
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□rds should always be used The goal should be a flock average of 
225 eggs per bird Again this may seem high to the rank and faie 
poultrymen, >et there arc numerous breeders who long ago passea 

this mark , , 

In hog breeding the sire selected should be from a sow that nas 
from eight to t\\eU e pigs and not from one that never has more than 


How to Lmluate Tiecords. We all like to look at big production 
records, yet \\g should evaluate those records It is all too easy to 
confuse environmental influence with possible inheritance 

Those dairymen who milk only two times a day will rarely make 
an 800 lb fat record, but such a record is not infrequent among 
dairy cows that are milked three limes daily Cows milked three 
times each day, kept in box stalls, and fed the best feed that is aval 
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able at any price should not be confused with those which must 
depend mainly on pasture for their sustenance. 

An 800-lb. fat record made on four milkings a day in 365 days 
is about equal to 675 lb. of fat on three milkings a day and 560 on 
two milkings a day. If the cow were to be milked 305 days or ten 
months and have a calf within the year, her record would be about 
equal to a 465-lb. fat record in tlie Dairy Herd Improvement Associa- 
tion program ( sponsored by tire United States Department of Agri- 
culture in cooperation witli the States) or the Herd Improvement 
Registry Test (supervised by Agricultural Colleges for the various 
breed clubs ) . It is evident that aU factors would be equal under the 
above production comparisons. 

High records are to be commended, but the average dairyman 
or any other breeder must not expect tliat high records under nearly 
perfect environment will be repeated under average farm condi- 
tions. It is advisable to consider how many records an animal has 
made. A cow that will produce 600 lb. of fat each year for three to 
four years under ordinary care is a great cow. A cow that will pro- 
duce 800 lb. of fat in one year is a great cow; but unless she can do 
it more tlian once, the author believes the 600-lb.-fat cow is tlie 
best dam of a herd sire. 

Conversion Factors. Cows will continue to increase in production 
of milk and butterfat from the time they freshen as two-year-olds 
up to the age of six to eight years, and thereafter their production 
will slowly decline. For the benefit of comparing records of bulls’ 
daughters with their dams and of finding the mature equivalent of 
young or old cows, two sets of conversion factors have been worked 
out by the Division of Dairy Herd Improvement of the United States 
Bureau of Dairy Industry. 

Table XXTV shows the age conversion factors reasonably ap- 
plicable to all breeds of dairy cattle. Similar factors are available 
for the individual breeds and can be obtained from the Bureau of 
Dairy Industry. The mature equivalent record is found by multiply- 
ing the pounds of milk or fat produced by the factor opposite the 
age of the cow at the time her record was begun. Example: The 
record of a Holstein at two years of age was 10,000 lb. of milk. Her 
mature record equals 10,000 X 1,376, or 13,760 lb. 

The United States Bureau of Dairy Industry considers that milk- 
ing a cow four times a day increases her production 35 per cent and 
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Table XXIV 


Age claesificabon 
(years) 

Singh hller 
requirement 


Comersion 

Sador 

Mature 

equivalent 

5 

400.0 

X 

1.00 

* 400 

4V< 

381.7 

X 

l.(M7 

* 400 

4 

303.4 

X 

1.100 

« 400 

3>f 

345 2 

X 

1.159 

« 400 

3 

327.0 

X 

1.22.3 

» 400 

2'A 

303.7 

X 

1.295 

*= 400 

2 

290.5 

X 

1.370 

e 400 


milking her three times a day increases her production 20 per cent 
over what it would have been on twice*a-day milking. 

To convert.' htj: 

A S65-day record to a 305-day record 0.85 

A 305-day record to a 365-day record 1.17 

A 4 times a day milking to a 3 times a day milking 0.88 

A 4 times a day milking to a 2 times a day milking 0.74 

A 3 times a day milking to a 4 limes a day milking 1.13 

A 3 times a day milking to a 2 times a day milking 0.83 

A 2 times a day milking to a 3 limes a day milking 120 

A 2 times a day miUdng to a 4 times a day milking 1.35 

^ milkings per day for 305 days to 3 milkings per day for 
365 days add 40 per cent 

To OTovert 3 milkings per day for 365 days to 2 milkings per day for 

30o days sutlract 30 per cent. . 


PnoVINC THE SIBE 

considprah!"'^^ talk about superior proved sires, there may he 

harwaid ^ “ 

half of a dairv be select a sire that will improve the top 

hut fail to inc'^nsp'^ A 8°°'^ 

ability. "t ® kerd of higher average producing 

and w^n wntTnue" o'lrcr^e^”® r® 

cent of the dairy cowrrthe , 

e United States were artificially in- 
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seminated. In some states over 40 per cent of tlie calves born are 
from artificially inseminated dams. As an artificial breeding bull may 
sire 40,000 or more progeny in a year and over 200,000 in a lifetime, 
it is very important that sires be carefully evaluated before selection. 

Before considering the methods used in evaluating sires, the sire’s 
own importance deserves mention. It has often been said tliat the 
bull is half the herd. In a herd in which ten to twenty or more calves 
are bom each year the sire is thus ten to twenty times as important 
genetically as a cow in establishing the future of the herd. So it is 
with all sires in our animal industry. There is, however, no argument 
that both sire and dam are of equal importance from the standpoint 
of any one cow or bull. Each progeny always receives by chance 
assortment one member of each chromosome pair from each parent. 

To evaluate dairy sires, then, we should have a proof of his in- 
fluence on the cow population to which he is bred, or in other words 
a comparison of the production of his daughters with that of their 
dams, using the conversion factors shown previously in this chapter. 
In addition, many of our sire selection committees in artificial in- 
semination organizations are giving attention to year and season of 
freshening. Records made in a dry year, for example, may not be 
a true indication of the production of a cow when on abundant feed. 
It has also been noted that cows that freshen in the fall produce 
more milk than cows that have their calves in spring. 

Most bull proofs, then, are shown as dam-daughter comparisons, 
using the first five to nine dam-daughter pairs as a preliminary ap- 
praisal and ten or more pairs as better indication of a sire’s trans- 
mitting ability. It can be illustrated as follows: 

12 daughters av. 14,000 M. — 4.0 — 560. F. 

10 pairs daughters av. 14,200 M. — 4.0 — 568. F. 

10 pairs dams av. 12,800 M. — 3.7 — 473. F. 
daughters increase + 1,400 M. + .03 4- 95. F. 

Of great importance is tlie level of production of dams of daugh- 
ters to which a sire was mated. The breeder wants to know if the 
sire can maintain or increase production when bred to high-pro- 
ducing selected dams. There is much more to be desired in a sire 
who can maintain production at a 500-lb. fat level than a sire that 
raises production of his daughters to 400 lb. when mated, for ex- 
ample, to 350-lb. fat level dams. 
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fcVTit KllV 



8,000 
7,000 
r«t Teat 

4.4 



Figure 74. NJ.E.S. Mwtyol Oritwby Jewel Alice, 654594. 

12 tested daughters ov. 16,650M. 4.2% 699F. 

12 pairs dam av. 15,470 M. 3 85% 596 F. 


As a further guide in studying a bull, the arrow chart may 
used to show what a certain sire does under individual conditions. 
Figure 74 shows the arrow chart of NJ.E.S. Sir Mutual Onnshy Jewel 
Alice, 654594. The circle represents the dam's record, and the arrow 
the production or test of her dau^ter. 

In only three cases did this sire fail to increase milk production, 
and in all cases he maintained or increased the hutterfat percentage. 

The Artificial Breeding Proof Most Reliable. It would appear that 
since bulls differ in their transmitting ability, an artificial insemina- 
tion proof may be much more reliable than a natural proof, especially 
when the natural service proof is made in one herd. The recom- 
mended proof today is an artificial insemination proof showing the 
XHjrformance of 50 or more daughters of a sire used on several herds. 
Attention is called to Table XXV, which shows how natural service 
proofs of sires may change when the same sire is used in an artificial 
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Table XX^^ Natubal Sertice Proofs vs AwrmciAL Ikseminatioh Proofs on Holstein Bdlib 


PAUL 


OCAPOK 


DEAN 


Number cf 

Pounds of 

Number of 

Pounds of 

Number of 

Pounds of 

animals 

butler/al 

animals 

butterfal 

animals 

butter/at 



Natural Service Proof 



20 daughters 

517 

32 daughters 

428 

30 daughters 

497 

14 pair daughters 

505 

30 pair daughters 

416 

30 pair daughters 

496 

14 pair dams 

419 

30 pair dams 

372 

30 pair d«m< 

451 

Difference 

+86 

I>i/ermee 

+44 

Difference 

+45 

AB Proof Calculated bt Cowentiokal Daeqhteb-Dam Method (2X,305ME) 


278 daughters 

423 

249 daughters 

441 

621 daughters 

472 

129 pair daughters 

439 

129 pair daughters 

454 

401 pair daughters 

474 

129 pair dams 

417 

129 pair dams 

412 

401 pair dams 

417 

Difference 

+22 

Difference 

+42 

Difference 

+67 

AB Daughter Level Adjusted for Year Season, ani 

> Herd Effect and Then Coupared to Breed 



Average 

• 



278 daughters 

434 

249 daughters 

453 

1 071 daughters 

466 

Holstein Breed 


Holstein Breed 


Holstein Breed 


orrrage 

430 

aterate 

430 

aterage 

430 

Difference 

+4 

Difference 

+23 

Differente 

+36 


Source Cornell Extennon BuUehn 999 (1958) 

* Breed average - 2 X 3Q5Hiay Mature Equivalent (ME) production average for all Holstein eotn 
on DHt test ui New York State for the past five > ears 


insemination association. Adjustments are also shown depending on 
when dams and daughters made their records, and in comparison 
with the State Dairy Herd Improvement Holstein Breed average. 
The performance of three sires is shown. 

Other Methods of Sire Evaluation. Some of our dairy breed or- 
ganizations are now recogniang sires based on tlie average of their 
daughters’ production when compared to the breed average, all 
records of course corrected for age. length of lactation, and number 
of milkings a day. 

More recently a very promising method to evaluate young sires 
has been started in several states. This is called the Comparison of 
Stablemates. This metliod is not new, as it has been used in Europe 
for some time; however, it is proving of real value in getting an early 
appraisal of the transmitting worth of young sires in artificial breed- 
ing cooperatives. It is a method whereby the records of two-year-old 
daughters of artificial breeding sires used on several farms are com- 
pared with records of their stablemates. Records are on the basis of 
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2 X 305-day Mature Equivalent, taking into consideration that Ac 
seLn of year of freshening for those cows compared is the same 
This type of study shows early in the use of a young 

is maintaining, raising, or lowering production m Severn ,, 

the same environment exists between his daughters “d the^ ^ H 
mates The proof of one New Jersey sire is shown in Table AAVi. 


Table XXVI. Survey of 

H-76 Daughters 
17 Daughters 

Milk ME Fat ME 

Av. 12,120 3.0% 443 


Daughters of Sire H-76 


Stahlemates in H Herds 
315 Stahlemates 
Milk ME Fat ME 

Av, 12,740 3,7% 4® 


Tiro- Vcar-Old Stablemales 
of Daughters of H-76 
79 Stahlemates 
Milk ME Fat ME 

Av. 12,530 3.7% 461 


SELECTING THE YOUNG DAIRY SIRE 

Artificial breeding units as well as individual breeders must 
and prove some young sires. The practice of breeding 500 to 1, ^ 
females to a young dairy sire in a cooperative unit and then retiring 
him until he has milking daughters is certainly a safe procedure, n 
this way few daughters in any one herd will be bom to him; an 
if he proves to be a failure, no one breeder will suffer from a group 
of poor producers. , 

In selecting the young sire the author suggests the adoption o 
the plan followed by most successful breeders in line breeding or 
sometimes inbreeding. In the New Jersey Artificial Breeding Pr®' 
gram a plan of line breeding has been projected for some years to 
come. This system requires that some analyzed, related young bulls 
be used each year, as there will not be enough superior, related, 
proved sires to go around. Outcross bulb will also be in service. 

Several factors have been mentioned previously in this chapter 
regarding standards to be adopted in selection of a proved sire. In- 
dividuality and pedigree are the principal guides in selecting the 
young improved sire. It therefore behooves those res ponsible for the 
.selection of the young sire to proceed with real caution. 
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The female family should be studied The breeder should select a 
young sire that is a son of a superior proved sire, and he should be 
able to see representative paternal sisters Since the dam may exert 
as much or more influence than tlie sire, he should also pay attention 
to the female ancestois oi female family from which tlie young sire 
IS to be chosen Mark Keeney in his Cow Philosophy (1940) has 
most aptly said “First and foremost the dam of ovir ideal bull vnll 
be truly a great cow She will be great in her own producing ability 
She will be great in the inheritance of her ancestors, and further, she 
will have demonstrated her abihty to transmit greatness to her prog- 
eny ” We believe that Mr Keeney has demonstrated as well as any 
breeder that his great success as a Holstein breeder is expressed m 
this quotation Table XXVII shows a dairy cow family that is con- 
sistent in production and test The direct descendants of one cow are 
compared with their paternal sisters from four sires The chances 

Tabce XXWI 

Sire 1 Sire ^ Sire S Sire 4 

Dau'sAv 13,623 3 50 13,743 3 50 14,450 3 57 15,783 3 64 

Dam’s Ax 12,479 3 40 12,643 3 55 13,424 3 51 14,932 3 52 

^214 

2 Lao 15962 
3 75 


269 

1 Lao 16840 

3 81 

182 

2 Lac 15432 

3 82 

200 

2 Lac 15041 
3 73 


271 

I I-ic 10300 
3 7S 




330 Artificial Insemination of Farm Animals 

are good that this consistency may be passed on through a male 

.r in ...h., -* I—y. » " !■" 

,1,; 1. |«..My 1. n™' 'T jt 

extending through four to Six generations, the endency 

conception was xtry evident in certain families. The num 
direct descendants in a family of animals is a great criterion ot m 
fertility of that family. The family of low fertility eliminates itse 

finally hy natural selection. Certainly the breeder should avoid buy- 

mg into such a line ofinhcritance. . , 

TheUnd of feet and legs an animal has seems to be 
to its ability to remain in production for a long time. Those i 
feet are tender and whose legs arc crooked and not well p ^ 
when standing may early have to go to the butcher. Therefore, ^ 
classification data of the ancestors of the males under considera lo 


should be studied. , . 

It should be evident from the recommendations in this (map 
that one of the most important methods of selecting a sire is throug 
records. The reader should understand that the breeder of livestoc 
must select with greatest care his parent stock for succeeding 
tions, and discard without fear the inferior animals. Sires should e 
selected from pedigrees that tell a full story of production, type, an 
longevity of the ancestors. A sire’s daughters are his best advertise- 
ment, Special cattle progeny stations were started in Denmar 
in 1945, and by 1954 there were 25 stations testing 92 progen> 
groups. Each progeny group consists of 20 daughters of a sire se- 
lected from one of several different herds. They must be twenty- 
seven to thirty-three months old and due to calve bet^ve'en Sep- 
tember 20 and November 15. The groups are assembled at the 
stations on September 1 each year, and the test covering the perio 
from calving for each bull group is 304 days. Mason (1952) con- 
siders this sound genetically. Robertson and Rendel (1954) abo 
report on artificial insemination calves in England and Wales. Tlie 
Milk Marketing Board in England and Wales recently reported a 
comparison of artificial insemination bulls’ daughters in testing 
stations with their contemporary sisters on farms. In two years of 
the four reported, the sires ranked in the same order, whereas in the 
other two years there were discrepancies. * 


X 
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OTHER UVESTOCK INDEXES 

An Index for Meat Animals. The breeders of meat animals are in 
greater need of a yardstick by which they may measure the inher- 
itance of conformation than the breeders of dairy cattle. It is in- 
teresting to note that much progress is being made; still tliere is 
much variation in the transmitting ability of sires of all breeds of 
beef cattle, sheep, and swine. The show ring has done much to 
place emphasis on tj'pes tliat have particular market advantage. 
What the general livestock breeder wants in his sires is an inher- 
itance to produce offspring diat have high-quality meat and a tend- 
ency to develop economically. In other words, he wants an animal 
tliat grows rapidly into a symmetrical individual at a minimum 
feed cost. 

Gregor)' (1933) proposed an index based on round measurement 
parallel to the ground from patella around the rear of the animal 
to the other patella. He called his formula RM/H, or round measure- 
ment divided by height at withers. The most typical low-set, beef- 
type animals measured approximately 106 cm. around and 123 cm. 
in height at withers, thus giving a RM/H reading of 862. The aver- 
age daily animal on the other hand gave a round measurement of 
90 cm. and a withers height of 126 cm., or an index of 715. Gregory 
reported that the dividing line between beef and dairy was at an 
index of 785. 

Sheep Index. The sheep breeder has a dual ideal in improving and 
maintaining his flock. His ewes must produce an annual crop of 
lambs of high meat quality, and the wool should pay the feed cost. 
Christgau (1939) at the University of Minnesota has reported tliat 
he uses the folloiving plan as a measure of efficiency in selecting sires 
from a flock; 

1. Record the ewe’s weights, breeding dates, and fleece weights 
and grades. 

2. Shear at the same time each year, and weigh ewes each year 
at shearing time and breeding time. 

3. Record the lambing dates and lambs’ weights. 

4. Stamp the ewes’ and lambs’ numbers on tlie side of tlie body, 
using a system avoiding annual duplicab'on. Stamp lambs at birth 
and ewes at shearing. 
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select six of these sows to mate to one boar. Table XXVIII shows an 
index on a good boar. 


Table XXVIII. A Bo\r Indek Devised b\ Professor 
V, A. Rice at Massachusetts State University 



Aterage birth 

Average 

At erage 

Average 


weight 

56-^ay wt. 

daily gain 

grade score 

6 so\^ s 

2 4 

32 

1.1 

4.3 

40 pigs 

2.6 

3S 

1.3 

3.8 

Boar Index 

2 S 

44 

1.5 

3 3 


A BREEDING PROGRAM IS NEEDED 

The artificial insemination of farm animals has brought about a 
new era in animal improvement, just as the development of hybrid 
com opened up new possibilities in the plant kingdom. To what 
heights we may go in average milk production in a dairy herd is not 
known, but we have many animals that now can boast of over 500 lb. 
of fat annually. It will be a long time before o\ir national average 
approaches tliis figure. However, as livestock owners improve their 
animals they hope to keep on going up the ladder. Therefore if the 
organized artificial breeding is to remain on soJid ground, plans must 
be made to attempt to find or breed superior sires capable of at least 
maintaining tliese new high levels of production. 

Use of proved sires is of course the surest method of increasing 
or maintaining high levels of production. With the advent of artificial 
breeding organizations we began growing fewer bulls. Hence our 
field of selection has become narrower by the very fact that one sire 
can now take the place that 50 or 100 occupied in former days. 

Sire committees of our various breeding associations must be im- 
pressed with the great responsibility that rests on tlieir shoulders to 
find sires tliat can be depended upon to maintain the gains that have 
been made since 1940. Tliey should have knowledge of animal 
genetics, and they should plan a long-time program and be ready to 
stand behind it. A few mistakes can make a lot of trouble. The pro- 
gram can be on an area, slate, or miiltistale-wide basis. 

In planning a long-time program certain facts must be kept in 
mind. ( 1 ) Not all members of any organization arc going to be satis- 
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Red with each sire at the bull headquarters. ^ 

committee should stave to find the best proved sire ‘'’a^> 
will purchase. (2) Fa-meis today arc becoming more ™ 
conscious. Wiile trpr and production are not 
good type is worth money in sales of surplus 

tion of purebreds today is a growing trend, and bulls ‘1’ f 

standing t>T,e are available. (3) When 
a group or herd reaches a high level, some line bree mg 
vantageous m maintaining it. . . 

These facts should be observed in a program that call 
movement on a mass scale. Thus it should be the responsibility ot 
a sire committee to enlist the cooperation of our best , 

stock breeders for the sale, lease, or cooperative ownership o 
proved sires as are available. j - rr rec- 

A plan for herd analysis and for accumulating and 
ords of young bulls’ daughters should be a part of the long- 1 

A plan for stabling young sires while not in use should be 
out. It seems best that once a young sire has been used for aimnci 
insemination he should never be used for natural service. Tins i 
not necessarily a rule, but it is a good plan to follow. 


SUGGESTIONS FOR SIRE SELECTION 

1. Sires should be selected on a production and type (herd analy 
sis) basis. 

2. Proved sires should have offspring with records commensurate 

with the herds in which the sires are to be used. Study an arTO\' 
chart of each sire’s daughters. . 

3. Pedigree, production, and official type classification records o 
ancestors should be consulted in sire selection. 

4. All production records, when being used in sire selection, 
should be standardized to common denominator, namely (a) 
tore Equivalent, (b) 305 days, (c) two milkings daily. 

5. Blood lines are not important, but some line breeding is recorn 
mended when purchasing or putting new sires into a breeding 
program. 

6. Fertility of the proved sire as shown by previous breeding 
records should be noted. Only young sires from fertile famili®^ 
should be used. 
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7. All young sires should be mated with enough tested females to 
assure 50 dam-daughter comparisons. 

8. Special quarters for young sires should be provided while they 
are being proved. Natural service in farmers’ herds is not recom- 
mended. 

9. Health is essential. Freedom from tuberculosis, brucellosis, 
trichomoniasis, and vibriosis should be required. 

10. A long-time program in the hands of competent sire com- 
mittees is essential. 
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ENOS ]. perry 

"M-ass artificial insemination of farm animals, particularly 
is now being practiced in a good many of the countries of the , 
through artificial breeding organizations. Several of the groups tai 
in the beginning, but most of them have progressed, ^ 

bining to form the larger centralized type of organization. T 
are playing an increasingly important role in the improvemen 
cattle. With the most careful type of management they will coritini^ 
to grow in proportion to the amount of constructive service rendere 
In 1958, 6,645,568 dairy cows were bred in the artificial bree mg 
organizations operating in the fifty states and Puerto Rico. This nutn 
ber, the largest in any year since the beginning of the artificial bre 
mg in the United States, was 30 8 per cent of the cows and heifers 
two years of age or more kept for milk during 1958. These cows were 
located in an estimated 975,372 herds. 

Table XXIX shows that the average number of cows bred annual y 
per sire has increased from 228 in 1939 to 2,483. Note the increase m 
proved sires and in the production level of their tested daughters 
since 1943. 

In nine states between 48 and 56 per cent of the dairy cattle pop«* 
lation was bred artificially m 1958. These states were New Hampshire, 
Connecticut, Maine, Massachusetts, Washington, Utah, New Jersey, 
Pennsylvania, and Wisconsin. The largest state program was that o 
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Tabi£ XXIX. Status of AunncuL BtuentiNo PioKiiuy ih the United States, 1939 to 1959 


Year 

No 

tfudi 

Sire 

1 in icrn 


No 

htrdt * 

Coai hrtd 


Proied tirei in 

lerrtcf 


Total 

(prod data — 16 ) 

Damt Daughleri 

Total 

no 

Protti 

(%) 

At 

po- 

me 

Total 

Mi 

At. 

per 

itre 

Milk 

Fat 

Milk 

Fat 

1939 

7 

33 

_ 

47 

648 

7,359 

228 

_ 

_ 

_ 

_ 


1940 

25 

133 

— 

55 

2,971 

33.977 

246 

— 

~ 

— 

— 

— 

1911 

35 

237 

- 

68 

5,997 

70,751 

299 

— 

- 

- 

- 

- 

1942 

46 

412 

_ 

90 

12,118 

112,788 

274 

_ 

_ 

_ 

_ 


1943 

59 

574 

235 

97 

23,448 

182,524 

318 

135 

9^59 

387 

10,155 

419 

1944 

56 

657 

196 

117 

28,627 

218,070 

332 

129 

0,965 

391 

10,490 

421 

1945 

67 

729 

20.2 

10 9 

43,998 

360.732 

495 

147 

0,629 

387 

10,488 

428 

1946 

78 

900 

23.2 

11.5 

73,293 

537.376 

597 

209 

10,270 

401 

10,741 

428 

1947 

84 

1,453 

231 

173 

140571 

1.184,168 

815 

335 

10099 

405 

10,580 

430 

1948 

91 

1,745 

24 4 

19 2 

224,453 

1,713 581 

982 

426 

10,161 

407 

10,576 

433 

1949 

90 

1,940 

26 5 

216 

316,177 

2.091,175 

1,078 

514 

10,157 

412 

10,499 

436 

1950 

97 

2.104 

266 

217 

409300 

2.619,553 

1 245 

559 

10,236 

415 

10,734 

444 

1951 

94 

2,187 

29 0 

23 3 

543 300 

3,509,573 

1,605 

634 

10.267 

410 

11,009 

459 

1952 

94 

2,324 

29 6 

24 7 

671,100 

4,295 243 

1,843 

688 

10,310 

422 

11,210 

471 

1953 

96 

2,593 

36 7 

271 

755,000 

4,845 222 

1,865 

953 

10375 

429 

11,176 

473 

1951 

93 

2.661 

361 

28 6 

805 000 

5 155 240 

1,937 

960 

10,483 

432 

11239 

475 

1955 

79 

2,450 

360 

310 

846,900 

5,413,874 

2,210 

883 

10,575 

436 

11,265 

476 

1956 

79 

2,553 

36 5 

323 

900,400 

5.762,656 

2.257 

932 

10,600 

438 

11,301 

477 

1957 

75 

2,651 

40A 

35J 

946000 

6,055.982 

2,284 

1,074 

10 626 

440 

11,304 

477 

1958 

71 

2 676 

378 

377 

975,372 

6 645 568 

2,483 

1,012 

10,772 

446 

11,345 

478 

1959 

64 

2.4C0 

— 

33 4 

— 

— 

— 

— 

— 

— 




Source National Cooperative Dairy Herd Improvement PTognm Datrv Hrrd Improiemeni Lrtter, XXXV (March, 1959) 
(Agricultural Research Service, U S Dept of Agriculture ) 

•Estimated for the yeata 1950-1958 

t Prior to 1949 cows were reported only on the basis of enroHmeot 


Wisconsin, with 1,214,124 cows bred artificially in 1958. Other states 
with more than 300,000 inseminated tliat year include Minnesota, 
New York, Pennsylvania, Ohio, Iowa, California, and Michigan. 

Table XXX evidences the extraordinary extent to which some of 
the large breeding organizations of the United States are utilizing 
their bulls. 

Beef Bulls in the Artificial Insemination Program. Since 1950, a 
surprising development has occurred in the request for the service of 
beef bulls, both by the dairy cattle owners and the all-beef raisers. 
Herman (1958b) reported 289 beef sires were used for over 500,000 
inseminations by 50 of the 71 artificial breeding studs of tlie United 
States in 1958. During this same year, one-third of the calls for 
artificial insemination serx’ice in England and Wales were for beef 
bulls, to inseminate a total of 45-1,500 cows. This increased demand 
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Table XXX. Leldinq AimriciAL Bueedinq Oboakizations in 
THE U.viTED States, 195S 


Stud 

A^o. e(nr$ bred 

No. bidU used 

American Breedc re ricnicc, 
Madison, isc 

Curtiss Candy Farms Improved 
Stud Semce, Inc , Cary, III. 

New York ABC, Inc., 

1,210,253 

(U0,938 

99 

175 


120 

Ithaca, N. Y. 

Badger Breeders Cooperative, 
Shawano, 'Wise. 

Minnesota Valley Breeders Assn., 

458,991 

302,580 

300,799 

54 

58 

New Prague, Minn. 

Tri-State Breeders Cooperative, 


74 

Westby, Wise. 

Michigan ABC, Inc., 

251 ,082 


Michigan State CJol., 

East Dinsing, Mich. 

230,110 

81 

Central Ohio Breeding Assn., 
Columbus, Ohio 

Eastern Iona ABA, 

215,138 

02 

45 

Cedar Rapids, Iowa 
(Consolidated Breeders (Cooper- 

200,994 

90 

ative, Inc , Anoka, Minn. 

200,920 


Source: National Cooperative Dairy Herd Improvement Program, 
Dairy Herd Improrement Letter, XXXV (March, 1959). (Agri- 
cultural Research Service, U. S. Dept of Agriculture ) 


has come about chiefly because: (1) A few top sires have been ma e 
available to owners of purebred or high grade beef herds in a 
or region. (2) Those oivners have been enabled to do a better job 
of controlling breeding troubles. (3) Dairymen have been afforded 
the opportunity to have their first calf heifers bred for easier calving, 
and then raise the resulting crossbreds for beef or veal. 


ABTlFlClAt, BREEDING IS BIG BUSINESS 

From the foregoing it is obvious that artificial breeding has be- 
come big business. Its development in many countries has heen 
more rapid than was anticipated during the initial stages from 1937 
to 1943. The research staffs of government experiment stations and 




Figure 76 America's first artificial breeding association, at Clinton, New Jeney, 
began operations In cattle Inseminofion in May, 7938 A two-way rodio system 
directs technicians to farms where cows hove reached the optimum stoge of heof 
for breeding 
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of certam comn>ercial companies have to 

which die movement would have advanced ^ 

groups emerged as large enterprises requiring 
fiona^ ability and officers and boards of ‘I*’'®" 
the top leaders in the membership. A little later, pnv 
was attracted by the business success of the 
ary 1959, there were 64 active cattle inseminating 
United States, and several of these were commemial ^ 
Today commendable artificial breeding work is being 
by the cooperatives and the private, commercial corporations, 
sole criterion should be the quality of the service rendered. 
stock owners believe that the cooperative is likely to function 
economically and that its continued existence over a long pe 
is not so likely to depend upon the aggressive leadersWp ot on 
two individuals. A true cooperative develops leadership among 
members. Responsibility for improving its efficiency is continua y 
being delegated to different committees. • • to 

On the other hand, if any private breeding unit is in a positron 
offer continuous service of a high order, covering all phases ot an 
inseminating program, it will likely gain a fair share of the patronage 
of the livestock owners, in keeping with the spirit of free enterpnse. 

Contemporary with the multiplication of airlines and ever faster 
plane service has come the competitive bidding of some of t e 
large breeding organizations for the business of livestock owners 
living far off, sometimes in foreign countries. But the biggest factor 
has been the improvement in the techniques of freezing and ship 
ping semen, especially bovine semen. With many more ampoules o 
semen potentially available from great sires than are needed by 
these organizations, it is natural for them to seek distant markets. A 
United States breed journal recently carried large advertisements, 
mostly full-page, by 14 of these organizations, some cooperatives 
and others private. 


EXPANSION* OF AnxIFIClAL INSEMINATION PROGRAMS 

Tlie artificial insemination organizations that have grown most 
rapidly in many countries in the past twenty years are those that 
ha\e performed a Ij^pe of ser\ice over and above that initially ex- 
pected by the members. The managers and technicians have ap- 
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Figure 77. Growth of artificraf breeding of cottfe In the United Stotes. (Cour- 
tesy A. I. Digest.) 


predated tlie herd owner’s year-to-year problem of having bom on 
his farm, young stock that are satisfying both in numbers and 
quality. 

A well-conducted field service is very important in expanding 
the growtli of a breeding organization. This source can be very 
broad. Its scope and effectiveness depend on the imagination and 
competence of the board of directors and manager and the support 
given by the entire staflF. In its province fall such activities as pub- 
licity, cooperation in health control, production testing and culling, 
progeny appraisal, the holding of demonstrations and open house, 
the setting up of special e.xhibits, and participation in local, district 
and state cattle shows. 

The salary of a technician is sometimes a fixed monthly or an- 
nual wage. It can also be based on n minimum wage with a bonus 
incentive for increasing the volume of business. This encourages 
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the techn.c.an to do work of a h.gh order arrd to sohct rrew cus- 

tomers as opportunity permits 

Reducing Semen Costs. The chief ways to 
semen per cow inseminated are (1) Maintain highest 
ards m producing processing, and ^ppmg ^ ^,essary 

her of cons serviced-the volume of business (3) Cutall 

“\%en breeding efficiency is high, the required amount 
kept at a minimum An increase in cows inseminated is a T 
in keeping an organization in the black Any attempt 
“gimmicks” to bolster an imscientific type of program is d 
fail in achieving even a temporary pickup m business 


THE ^ATIO^AL ASSOaATION OF ARTIFICIAL BREEDERS 

The National Association of Artificial Breeders of the 
States, commonly known as N A A B , was founded in 194 s ^ 
jective IS to aid in giving purpose and direction to the organi 
artificial breeding of livestock and to cooperate with indivi 
breeders and with various agencies, such as breed associations, s a 
colleges of agriculture, vetennary colleges, the state and federa c 
partments of agriculture, and the foreign agricultural service, m 

expanding and improving the project of artificial insemination rr 

a small nucleus of a few breeding groups, it has grown rapidly un i 
in 1958 the membership had reached 105 organizations, v\bicli iR 
eluded 87 in the United States and 18 in other countnes The histoiy 
of N A A B lias been cbaraclcnzcd by actively working committees, 
well programmed annual meetings the publication of a highly m 
formative monthly journal. The A I Digest, and the fruitful achievt^ 
ments of an executive secretary Much assistance has been rendere 
in the standardizing of techniques, that is, m the handling, preserv- 
ing and use of semen, the keeping of ofiice records, the management 
of hulls, and so on 

Tlie organizations budget for 1938 was $100,000, of which ap 
proximately $40 000 was for research relating to such ever new 
problems as sire selection, semen evaluation, and its processing and 
ulili7.alion Todav, the managers and technicians of most of the 
artificial breeding groups have jobs with career status N A A B has 
assisted immcasurahh in demonstrating the eminently worthwhile 
vocational as vscll as scientific aspects of the artificial inscmina 
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Figure 78 Headquarters of England s Milk Marketing Boord Thames Ditton Surrey 
Its 22 artificial insemination centers are breeding more than holf of the national 
herd 


tion program To date the organization has concerned itself chiefly 
With cattle Its motto is ‘ Better Cattle For Better Living ’ Its code 
of etlucs, adopted September 24, 1952, follows 

Code of Ethics— National Association of AmiFiciAL Breeders 

1 All members shall conduct tlieir affairs to carry out the aims and 
objectives of the National Association of Arbficial Breeders 

2 No sire will be purchased under any agreement providing extra pa\ 
ment if his daughters in the owaicr’s herd achieve a stipulated pro 
diicbon level 

3 No sire mil be put into service for payment of an additional sen ice 
fee as a condition of registration of liis offspring 

4 The source of daughter dam comparisons, or daughter aicragcs, will 
be indicated \vhcne\cr published 

5 In published daughter dam comparisons, or daughter aicragcs, no 
daughters wath completed records of 305 da>s or less smII be omitted 

G Publication of non return infonnation mil be on a 60 to 90 da\ basis 
and u ill be labeled as such 
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7 No good purpose is accomplished by 

of sires, or of the efBcenr,' of orgaruzations. “embeo ™ 
truthful statements concerning their osvn association an 

ganization, whether such interference be by unfounded ot ' ^ 

ference ivith or by the proselyting of techniques 
organizations, or in any other manner unfauly disruptmg 

organization. . another 

10 AU statements made by an organization concerning 

organization’s business, shall be susceptible of proof y a q -^n'nla- 
dence; and all such evidence as well as evidence bearing on 
tion of this Code shall be submilled to NJVA.B. or authorized 
mittee, thereof, upon request by NA.A.B. c.. * T 7 «!eral 

11. If any of the provisions of this Code shall violate any Stote or 
law, neither N.AA B. nor any of its members shall be boun 
or shall be deemed to have agreed thereto 


T^^O TYPES OF AimnCIAL BREEDING ORGASTZATIOKS 

The two common t>'pes are the local breeding organization ^d the 
central or federated organization. They are largely interdependen - 
The local is usually a cooperative association for a county or 
se\ eral adjoining counties, although it may be privately owned a 
operated Breed associations, milk producers* cooperatives, cr^m 
enes, or banks may sponsor the setup. How’ever, ver\’ feiv of 
locals are able to continue on an independent basis, due to nigu 
overhead costs per cow' serviced. They usually affiliate "With a cen 
tral or federated group, enjoy an improved financial condition, 
obtain the serv'ice of supenor bulls made possible by a large ^ olume 
of business. 

The ccnfrcl or jederated orgaiuzation operates on a state-wide or 
large-distnct basis It may be a cooperative or private enterprise 
such as that now functioning successfully in many states. Tlie semen 
used hy all of the “locals” is produced at the central headquarters 
and sent by mail, bus, plane, or special carrier two to six times per 
week, in the case of liquid semen. 



Ai-tificial Breeding Organizations 345 

Whether a local obtains semen from a state-wide cooperative or 
from a private commercial company, there must be cooperative 
effort and responsible officials to transact business. Certain steps 
pertaining to organization and management must be taken. The 
most important of these with reference to the basic local unit are: 

1. Election of outstanding officers and directors by the members. 

2. Payment of a membership fee and (or) a fixed entrance fee 
per cow to assure adequate funds for buying tlie required equip- 
ment and providing a woiking fund. 

3. A breeding fee set high enough (for tliree breedings if neces- 
sary ) to cover the costs of service without resorting to yearly dues. 

4. Operation of the business on a cash basis. 

5. Complete record keeping on breedings and finances. 

6. Employment only of technicians who are thoroughly trained, 
and who are deeply interested in the problem of herd improvement. 

7. No extension of special breeding privileges to anyone, and 
adherence to the decision of tlie central to use tlie bulls in scheduled 
rotation insofar as tliat system is workable. 

8. After affiliation with a central or federated cooperative, as- 
sumption of tlie expected share of responsibility for its successful 
operation. 


! 



Figure 79. The Centro de loi Angelei In Chile, which server on oreo 200 miles long 
^Courfeiy U. S. Oporaliont Mlithn, Chile.) 
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Wl,eU,or punning a local or n 

sctnp, .t is always j tnd by-l^'vs 

mcnts. f .» occocialion flt mini* 

In order to keep operating expenses of llio „f (he 

nrnm, the headquarters should be loeated as ‘ ^ ^o,vs, 

area to he sers'ed as is practical "'“'‘T ^ ‘he telephone 

the less travel ts-ill be required of the ‘<=f /n,i„i. 
cost to the mcnabers in reporting cows to b elaborate 

mum. The laboratory equipment required need n j iHties 

but must include an electric refrigerator, microscope, an 
for providing hot water for cleaning the equipment. 

tL Central. All members of the locals f T^,’^,‘;”„°'a„d 

central association which owns or leases the bul , antral 

laboratory. All the bulls arc kept at the central bull j,{. 

association should bo incorporated, and the locals _fo- 

filiates or subsidiaries. The semen used in all association P 
duced at the central bull bam and mailed or sent by bus o 
means to the local associations. Tlic local associations usua J 
ploy their technicians and manage the affairs of the loca » 
Directors for the central association are elected by the locals, s 
times in proportion to the number of cows serviced per year. 

This type of organization is particularly suited for the 
of the artificial breeding program. New locals can affiliate thernse v 
with the central association as they arc set up. 

Financing. Proper financing of ^th the central and the loca 
ganization is of utmost importance. The following provisions ro 
the hy-laws of the New Yorlc Artificial Breeders Cooperative, nc^ 
are fairly representative of those organizations that are enjoying 
sound financial position: 


Article 8— capital. Section I— Membership Fee: In order to provi 

capital, each member shall pay a membership of $ in the Corporation 

and $1 — for membership in each local association from which he re 
ceives service. , 

Section 2— Assessment; In order to provide additional capital, ^ 

member shall pay a nonrecurrmg assessment of $ per first service in 

each herd for which he receives service from the Corporation during nny 
fiscal year of his local association 
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Section S^Return of Capital: Tlie membership fees and assessments 
shall constitute capital of the Coiporation, and the Corporation shall 
maintain records to show the capital contributions of each member. 
When the Corporation has funds in excess of its needs, capital may be 
returned to the persons who invested it, or their heirs, or assigns, by 
action of the board of directors in any one or more of the following ways: 

a) The membership fees and assessments of persons no longer mem- 
bers may be returned in the order in which they were invested. 

b) All of the assessments invested in any year may be returned, pro- 
vided that the assessments invested in all preceding years also have been 
or are concurrently returned. 

c) All of the membership fees invested in any year may be returned, 
provided drat the membership fees invested in all preceding years have 
been or are concurrently returned. 

Article 9— operating fees. Section l~First Service Fee: Each member 
shall pay a service fee of at least $ — before each cow is bred, of which 
part shall be payable to the Corporation for operating expenses and part 
to tlie local association for its expenses. 

Section 2~-Additional Service Fee: Each member shall pay an additional 
service fee of $ — for each service after the tliird in any lactation period, 
of which part shall be payable to the Corporation for operating expenses 
and part to the local association for its expenses. 

Section 3— Rebreeding After Six Months: Except for heifers which have 
never freshened, any rebreeding six months or more after tlie last pre^ 
vious service shall be regarded as a new Rrst service for tliat cow and a 
first service fee shall be collected. 

Section 4-~Division of Service Fees: The local associations shall be 
considered to be the patrons of the Corporation. 

The division of the service fees between die Corporation and the 
local associations shall be determined by the board of directors. (By 
action of the board of directors, die Corporation may return to the 
district associations part of its share of service fees already collected.) 
The foregoing provisions shall be applied uniformly to all local associa- 
tions. 

Section 5— Net Snolngs; Any net savings remaining from serv^ice fees 
and income at the close of each year, after provision for all expenses, shall 
be allocated to the patrons in proportion to their contributions thereto. 

Section 6— Audit: Immediately after the close of each fiscal year, the 
Corporation’s operations shall l>e audited by a public accountant. A re- 
port of the operations of the Corporation for the fiscal year together with 
a statement of its financial condition shall be submitted to the annual 
meeting of the Corporation. Within one inontli after the annual meeting. 
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*eCo,,o„Uons..«fi.ew..a^eI)op« 

during the year, and the total nnmhcr of members. 

Finances are budgeted tn two divisions: capital investments and 

operating costs cqnip- 

Capital insestments include sucl items ,.,,,.„(orv and so 

ment, a farm on which to keep bulls P“‘’f “‘°^;sts. are 
on. These long-time investments, referred to “ ' P * such 

paid for by membership fees; advances or loans charges 

as assessments for each cow. usually one dollar P« “ ’ f„„ndutions, 
for first services, and so on; endowments from pors • ,^^us 

organizations; support from state or county ^ ^ssocia- 

from local banks, banks for cooperatives, production beyond 

tions. Most newly formed associations cmn mcumng ^und 

the means of the association to repay, and in assuming 

financial obligations. r i bull re- 

Operating costs include salaries and rcsen'e funds to 
placements, depreciation of the physical plant, bull 
shipping costs, and so on. These costs are financed from the b 
fees. The breeding fee should be sufficient not only to cover P 
ing costs but to build up a reasonable reserve fund, and m 
organizations to retire the capital debts when so financed. j 

The work of the central is greater than many of the mem _ 
the Locals sometimes realize. The Michigan Artificial Bree ers 
operative lists the following as among the costs and items i P 
for; labor, feed, bedding, bam supplies, office supplies, mate i 
of the Social Security sum paid by the technicians and centra 
ployees, bonding of technicians and local secretaries, insurance, 
to National Association of Artificial Breeders, blood typing of 
calendars, bull manual, movie film of operations and results, he 
man, exhibits to fairs, newspaper mats, newsletter, receipt boo > 
mimeographed material for meetings and the research program- 
Approved Associations. In the United States, the Purebred Dairy 
Cattle Association, the National Association of Artificial Breeders, 
and the American Dairy Science Association have cooperate iri 
establishing requirements governing the insemination of purebre ^ 
in all of the artificial breeding organizations. An approved “Tiusiness 
is one that has been formed in accordance with sound methods o 
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organization, has provided for adequate record keeping, financial 
records, and others. Approved artificial breeding organizations are 
required to file authorizations of signature and a signature card for 
tlieir manager, and for each technician in their employ, with each 
breed registry association with which their members will file ap- 
plications for registry. 

The member breed clubs of the Purebred Dairy Cattle Associa- 
tion are: 

Ayrshire Breeders’ Association 
Brandon, Vermont 

Brown Swiss Cattle Breeders’ Association 
Beloit, Wisconsin 

The American Guernsey Cattle Club 
Peterboro, New Hampshire 

The American Jersey Cattle Club 
Columbus 5, Ohio 

The Holstein-Friesian Association of America 
Brattleboro, Vermont 

The officers, manager, and technicians of every cattle breeding 
association artificially inseminating purebred, registered dairy stock 
in the United States must be wholly familiar rvitli the contents of 
the booklet, “Requirements Governing Artificial Insemination of 
Purebred Dairy Cattle.’’ This set of regulations is obtainable from 
any of the above member clubs of P.D.C.A. 


AN INFOnSrEO MEMDERSniP 

A well-informed membership has been one of the important fac- 
tors in the breeding organizations noted for their rapid growth. 
Copies of pedigrees of new bulls in serr'ice should be sent out 
promptly, together with any special news about them. Furthermore, 
it is important that timely items and educational facts, based on 
recent happenings, be issued periodically. The large-scale breeding 
operations afford data that are of intense interest and cany lessons 
that are understandable. 
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the Cotporehon .Inll file ut* 0,e D.p~t ^To name, “of 

dunng the year, anti Uu lolal number of memlK-rs 

Finances are budgeted in l«o divisions capital investmcn 
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for first services, and so on, endowments f™"’ P"*™ ’ ur loans 
organizations, support from state or county fa ^ P ^sjocia- 
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the means o£ the association to repay, and m assnm g 

financial obligations r v bull re* 

Operating costs include salaries and resen o 
placements, depreciation of the physical plant, bull 
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fees The breeding fee should be sufficient not only to cover P 
ing costs but to build up a reasonable reserve fund, an m 
organizations to retire the capital debts when so finance 
The work of the central is greater than many of the mem c 
the Locals sometimes realize The Michigan Artificial Brcc ers 
operative lists the following as among the costs and items i P 
for labor, feed, bedding, bam supplies, office supplies, ma c 
of the Social Security sum paid by the technicians and centra 
ployees, bonding of technicians and local secretaries, insurance, 
to National Association of Artificial Breeders, blood t>'ping or u ^ 
calendars, bull manual, movie film of operations and results, ic 
man, exhibits to fairs, newspaper mats, newsletter, receipt o > 
mimeographed material for meetings and the research program 
Approued Associations In the United States, the Purebred D^i 
Cattle Association the National Association of Artificial 
and the American Dairy Science Association have cooperate v 
establishing requirements governing the insemination of purebre ^ 
in all of the artificial breeding organizations An approved "business 
IS one that has been formed in accordance with sound metho s e 
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organization, has provided for adequate record keeping, financial 
records, and others. Approved artificial breeding organizations are 
required to file authorizations of signature and a signature card for 
their manager, and for each technician in their employ, with each 
breed registry association with which their members will file ap- 
plications for registry. 

The member breed clubs of the Purebred Dairy Cattle Associa- 
tion are: 

Ayrshire Breeders’ Association 
Brandon, Vermont 

Brown Swiss Cattle Breeders’ Association 
Beloit, Wisconsin 

The American Guernsey Cattle Club 
Peterboro, New Hampshire 

The American Jersey Cattle Club 
Columbus 5, Ohio 

The Holstein-Friesian Association of America 
Brattleboro, Vermont 

The officers, manager, and teclmicians of every cattle breeding 
association artificially inseminating pniebied, registered dairy stock 
in the United States must be wholly famih'ar noth tire contents of 
the booklet, “Requirements Governing Artificial Insemination of 
Purebred Dairy Cattle.” This set of regulations is obtainable from 
any of the above member clubs of P.D.C.A. 


AN INFORMED MEMBERSHIP 

A well-informed membership has been one of the important fac- 
tors in the breeding organizations noted for tlieir rapid growth. 
Copies of pedigrees of new bulls in serr’ice should be sent out 
promptly, together with any special news about them. Furthermore, 
it is important that timely items and educational facts, based on 
recent happenings, be issued periodically. The large-scale breeding 
operations afford data that are of intense interest and earry lessons 
that are understandable. 
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Ncas Puhlicalions Popular. More and more of the 
tions are dome an excellent ,ob of keeping their i nns 

formed through the medium of month^ or ^ ' j ^ 0 ^. 

These are usually four or eight pages Tliey contain 
me events, reports of interesting developments, detailed facts abom 
new hulls, and complete data on those in service 
proved The names of some of these publications a e g 
Breeder (Maryland), The KABA News (Kentucky) Test T, 

Tales (Maine), Bull Tales from ^ U' JotZr 

News (Northern Ohio), New York Artificial Breeders Co-Opcra(o 
.and The Breeders’ Broadcaster (Southeastern Pennsylvania). 

nguring Breeding Effieienc!/ of Bulls. Under field conditions, the 
estimates of breeding efficiency are nearly always based "PC" , 
retums”-sometimes wrongly called “conceptions ” These “’'c ® 
for vanous intervals, the most common of which are 60 to y ? » 
and 90 to 120 days 
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Casida, Barrett, and Lloyd (1946) made a careful comparison of 
conception as determined by pregnancy examination xvith the con- 
ception as estimated from the breeding record reports of the insemi- 
nators. They found a diserepancy of 15.3 per cent at 30 to 60 days, 
6.1 per cent at 60 to 90 days, and 3.0 per cent at 90 to 100 days. The 
majority of the diagnoses were made by palpation of the amniotic 
vesicle between 34 and SO days after breeding. Before die diseov'ery 
of antibiotics, a 60 per cent non-retum rate was considered ex- 
cellent in any breeding organization. An average yearly rate of 70 
per cent is now no longer extraordinary. 

Housing and Exercise. In selecting a site and planning the housing 
facilities it should be remembered that it may be necessary to pro- 
vide for many mature bulls and have additional room for future 
expansion. Electric exercisers are used by some associations and are 
considered beneficial, especially for those bulls that are naturally 
inactive. Everj’ barn arrangement should include a breeding rack 
vmder cover. 

Safety Devices. Every bull should be considered dangerous. Most 
associations have installed some tj'pe of arrangement for die special 
protection of the caretaker and the technician at dme of collection 
of semen. Good devices include a fenced alleysvay in which the bull 
goes to the collection point under the control of the caretaker on 
the outside. Every inside pen should have a good strong stanchion 
in which the bull can be fastened for easy catching, and for groom- 
ing and treatment. 

PROBLEMS FACING ARTIFICIAL BREEDING ASSOCIATION 

The most important problems that face artificial breeding or- 
ganizations are diese: 

1. Obtaining more good proved bulls (that are fertile), either by 
association proving or by purchase. 

2. Prolonging effective usefulness of bulls and preventing finc- 
tuation in breeding efficiency. 

3. Correcting the impression in some areas dial artificial breed- 
ing is a method to use when natural sers'icc fails to produce con- 
ception. 

4. Investigating a too low non-rctum rate in certain herds where 
conditions appear to be excellent. 
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5. Developing a proper appreciation of the part that good inherit- 
ance can play in herd improvement. 

PUNC3I CARD ACCOUNTJSC IN BHEEDINC ASSOCIATIONS 

The necessitv of using a modem means of record 
be overemphasized. A gold mine of information, most 
the rest highly useful, is provided by a punch card > 
type that the larger breeding organizations have installed i 
countries. The method of operation and the great advan g • 
cruing are outlined below in a report by Robert A. Braemmer ( t > 
office manager. Southern Illinois Breeding Association: 

“In breeding associations that breed over 50,000 cows pe y 
it seems practical to adopt a punch card system of 
statistical work than to resort to any other system of recor 
ing. It is necessary to have at least 50,000 cows per year became 
the cost of this system, with the basic machines necessary, is 
$750 per month or $9,000 per year. This same basic sys^^ w 
includes an 026 IBM key punch, 024 IBM verifier, 082 
077 IBM collator, 403 IBM accounting machine, and 514 IBM 
producing punch wiU easily handle 125,000 first services per ye . 
and with the addition of another 026 key punch will probably han 
well over 200,000 first services per year. Three people are necessary o 
operate the basic system, and four would be necessary to operate ^ 
slightly enlarged system with the additional 026 key punch. 

“The Southern Ilbnois Breeding Association is a good examp e o 
one that is using the above-described system. Before IBM macnin ^ 
were adopted, all billing, sire analysts, technician efficiency, mont i > 
operating reports, member equity records, and any other 
\serc kept by hand. It was necessary to have nine girls in the omce, 
and records were usually behind. Since the switch to IBM, two gir 
and the office manager do all of the work formerly done by the nine 
girls, and reports are about a week or ten days ahead of the o 
s>’stcin 

“IBM can do the work much faster and cheaper than the hand 
method because one punched card can be used for all records. 

“Wlien setting up the IBM s>'stem the first step is to code all in- 
formation to l>e punched into the cards. Meml)crs must be assigned 
account numbers, and bulls and technicians must be assigned code 



SOUTHERN ILLrNOIS BREEDING ASSOCIATION 
TICHNJCJAN DAIir «fPORT 



f/s-re 81 . Technician daily repart farm used by the Saathern lllinais Breeding Arsociatian. 
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numbers. These numbers eliminate a lot “"f "^natim- 

the operation eonsiderably. For example, it is nauch f^^ter and s 
pier m puneh bull number 1-36 than to punch name U ^NH 
Quartermaster, and to the personnel the number 1 mean 
a Holstein, and the number 36 is Quartermaster, thus 1-30 - U in 

"^Tt™ Smithem Illinois Breeding Association all technicians send 

in a daily report. This daily report gives the office all -nfo^t. to ' 
in code, in the same order that it is to be punched mto the IB 
card Tnvo changes have been necessary in the original card des.^ 
Immediately after these cards are punched they are sent 
verifier where a different girl punches the same information, 
cards are correct, they will go through the machine and a note 
be cut in the end of the card and it will be ready for furthe • 
After all of the cards have been punched for all sales areas ° 
day, a daily audit and daily accounts receivable register can be w • 
These reports must agree with tape totals taken from the ongm 
daily reports sent in by the technicians. ^ 

“The daily audit now run on the 403 accounting machine, s ow 
the sales area no., member account no., breeding receipt no., regis 
tration or ear tag no., amount of charge, breed of cow, if cow is reg 
istered or grade, bull used, present technician no. breeding the cow, 
service no., date of previous service, previous bull used, code no. o 
previous technician, repeat code, and in the first card of each ay 
the total no. of miles driven for that particular sales area. The tota s 
on this daily audit must agree with the tape totals on the dai y 


reports. 

“After the daily audit is run, the first service cards are separate 
from the repeats on the 082 sorter. The first service cards are then 
sorted by account no. within sales area. The repeat cards are re- 
produced on the 514 reproducer transposing service date, and pre- 
vious service date, bull used, and previous bull used, and technician, 
and previous technician. The original repeat cards are filed in the 
member s herd record, and the reproducefd cards are filed for further 
use. The first service cards are reproduced just as they are. The re- 
produced cards are filed with the reproduced repeats, and the origi- 
nal cards are sent to the 403 accounting machine where an accounts 
receivable register is run. 

“Tlie accounts receivable renter shows the member's name, ear 
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tag or registration no. of the cow, sales area, member’s account no., 
date of service, and amount of charge. The total charges must again 
agree with the tape totals from the daily report. These cards are 
then taken to the 077 collator, where tliey are merged into an open 
item file consisting of all charges not paid by members. 

“The payments that came in with tlie daily reports are sorted into 
account no. within sales, and charges in the amount of tliese pay- 
ments are pulled by hand from the open item file. These cards are 
then sent to tlie 514 reproducing punch, where the date paid is 
punched into them. After this they are sent to the 403 accoimting 
machine where a cash receipts register is run. 

“The cash receipts register shows the member’s name, ear tag or 
registration no. of the cow, sales area, member’s account no., date of 
payment, and amount of payment. The total payments must also 
agree witli the tape totals from the daily reports. At tlie end of the 
month all cards remaining in the open item file are merged on the 
077 collator witli a master name and address file, and statements are 
then prepared on the 403 accounting machine. The daily audit, ac- 
counts receivable, cash receipts, and billing steps are neeessary only 
in ofiBces tliat have centralized billing and can be eliminated in any 
organization that has billing on a local basis. For the most efficient 
operation it seems that the basic machines described are necessary 
even if billing is eliminated. 

“At the end of each month it is a simple matter to run an operating 
report showing first services, 2X services, 3X services, and 4X and 
over services by breed for each sales area. This is done by sorting on 
the 082 sorter all reproduced cards, first by breed of bull used, then 
by sales area. 

“After the operating report is completed, the cards are again 
sorted by date and then by bull number. After this, the cards are 
taken to the tabulator, and breeding efficiency is run by bull by 
day, and summary cards are punched and run through the tabulator, 
and the sire efficiency is run by bull by month. Next comes the sire 
efficiency by breed by month. Thus it is possible to see how any one 
bull is doing in any one day or month, and breed efficiency is also 
available for the month. 

“The same cards used to make up the sire analysis are now sorted 
again by technician number. These cards are then taken to the 
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tabulator, and technician efBciency is run. This report tells us how 
each technician is doing each month. 

“At the end of each year tlie cards for the entire year are run 
through the accounting machine, and a summary card is punched 
automatically on the reproducing punch giving the members ac- 
count no. and total number of first serr'ices for each year. The sum- 
mary punched cards are used to make out the member’s dividend 
equity checks or to send out notices of advice telling members the 
amount of dividend held for them during the last fiscal year. 

“The name and address cards used in preparing statements are also 
used to make labels for publications or any type of special mailing 
going out to all members. Labels are also run on the IBM machine 
for all semen packages shipped from the association. 

“Many other statistical or accounting chores can be done with the 
type of machine described.” 

TECHNICIAN TRAINING 

Sometimes the highly important program of training technicians 
is conducted as a short course by a state college of agriculture. In 
other cases it is supervised by the manager with the aid of the most 
experienced of tlie technical staff of the central breeding organiza- 
tion. The SohtAving training schedule reported hy Alhretsen (1958) 
is representative of those usually given in various parts of the United 
States from one to four times per year, depending on the need. 
Cornell University was one of the pioneers in inaugurating this 
highly essential type of educational program. 

ScHEDimE OF Traininc Coubse for 
Artificial. Insemination Technicians 

(Given at Cornell University) 

Momlaij 

Morning 

9.00- 10.00 Enrollment 

10.00-11:00 The development of artificial insemination 
11:00-12:00 Attachment of sleeve and glove 
Afternoon 

1.00- 2.30 Anatomy of the reproductiie tract of the cow 

2:30- 4:30 Functions of the female reproductive tract 
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SCKDOLt nv TlWlNISC CoUlW .0.1 
AnrincAi. lNsrA..SAT.os Tra.NiaASS (ConlmncJ) 


Morning 

8.30-12:00 

Afternoon 
1:00- 2 30 

2:30- 3:30 
3:30- 5:00 


Tuwtiflj/ 


Dull rcp^oducti^c pl.ysioloBy; bull uM 

tlmraclcrUlte. dilulion, and sloragc (Breeding La .) 


Eipiipment used and procedures followed in insenuna 
tion at tiic farm 
Insemination demonstration 
Practice wth cow reproductive tracts 


IVcflncsdfly 

Morning 

8:00-12:00 Insemination practice 
Afternoon 

1:00- 1:30 Examination of technicians ( Qmr. 1 ) , ,t „ a n. 

1:30- 3:00 Milk Production Records and their relation to t » 

program 

3:00- 4:30 The problem of sterility and disease in cattle 


Thursday 

Morning 

8:00-12:00 Insemination practice 
Afternoon 

1:00- 3:00 Principles of hvcstock improvcmenl through breeding 
3:00- 4:00 Tour of Dair>' Records Processing Center 


Morning 
8 . 00 - 12:00 
Afternoon 
1:00- 1:30 
1:30- 3.00 
3-00- 5.00 


Friday 

Insemination practice 

Examination of technicians (Quiz 2) 

Finances, rules and regulations 

Breeding receipts, herd books, and non*relums (concep 
tion rate). 


Saturday 

Morning 

9 00-12:00 Type-appraisal demonstration and discussion. 


Monday 

Morning 

8.00-12.00 Insemination practice 
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Afternoon 

1 00- 2 00 Timing and other management factors related to breed- 

ing (optimum time to inseminate) 

2 00- 3 00 Developing good membership and public relations 

3 00- 5 00 Inheritance of production 

Tuesday 

Morning 

8 00-12 00 Insemination practice 
Afternoon 

1 00- 3 00 Artificial insemination produchon results 

3 00- 5 00 Discussion of research projects 

Wednesday 

Morning 

8 00-12 00 Insemination practice 
Afternoon 

1 15- 4 30 Laboratory on financial records 
Thursday 

Morning 

8 00-12 00 Insemination pracbce 
Afternoon 

1 00- 1 30 Examination of technicians (Quiz 3) 

1 30- 2 00 Using frozen semen in the field 

2 00- 2 30 Ear tagging (cow identification) 

2 30- 4 00 Type and production standards for sires 

Friday 

Morning 

8 00-12 00 Insemination practice 
Afternoon 

1 00- 3 00 Final Examination 

3 00- 3 30 Picture taken 

6 00- 8 00 Banquet 

Saturday 

Morning 

9 00-10 00 Review of final exam 

10 00-11 00 You and the Artificial Insemination Program 

11 00-12 00 Discussion of apprentice training 
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annual MLETINCS AND DEPOnTS 

Among the notable cbaraclcrislics of 
groups are well-attended annual meetings. Tliese ste ^ 

Lm agenda that is meaningful and attentmn-gettmg 

La widely publicized well in advanec. It is 

both achievements and obstacles, rewards and 

exceptions, the period since 1938 has been one “f 

many countries for most of the orgamzahons, create 

draw in their lines, avoid some of the duplication of e • 

larger, more efficient operating units. Fairly typical of P 

given by managers are the following excerpts from > 

Marshall C. Carpenter (1958) of the Kcnliiclty Artificial B 

Association, Inc.: 

Your association can again say “llte best year ever. ^ S 

a constant statement for most of ibc years of our V j 

year marks the most accelerated rate of growth since lOoi* 

89,300 cows the past year, which is a 133 per cent increase ov 
year's 78,800. 1 know it wouldn't have happened if service had been p 
or AB daughters were unsatisfactory. ^ me of 

1 would like to summarize briefly the year’s happenings, NVith so 
my interpretations f b eed 

All breeds increased in service numbers The use of the beet r 
may be surpnsing, but this is following the national trend and 
strates how an industry can render more services than those ongm y 
planned. , 

Services per Bull Higher. Services per bull averaged 2,320, compare ^ 
to 1,980 last year. This is a big increase, and it puts us near the nationa 
average. . . - 

Eight of our bulls were bred to 45,000 cows or over half the tota • 
One proved bull was bred to 11,329 cows for a new high yearly tota 
for our association. 

Breeding efficiency has had its greatest improvement this year. It 
aged 71.4 per cent on 60 to 90 day non-returns for the first ten months 
that I can report at this time Tlus is a 3 8 per cent improvement over last 
year, and it can be credited to research done by Pennsylvania State Uni- 
versity. 

One interesting obser>ation is our Hereford bulls. They averaged 77.4 
per cent, or 6 per cent more than our dairy breeds. This is hard to under- 
stand but seems to be similar to other states. 
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We have been fortunate to have our bulls stay in service longer than 
the three-year average of the United States in artificial breeding. Our 
depreciation figures of 20 to 25 per cent have been reliable. Seven new 
bulls were added tiiis year. 

As artificial breeding increases, the number of good association-proved 
sires available increases. The studs are tending to prove more young 
bulls. 

The locals have remained constant as to the number operating in Ken- 
tucky. There has been a continued trend to have more full-time men. 
We have 11 locals using two full-time men, and practically all have a 
relief man. 

I made a study of the years' experience of our technicians. The ones 
working now have a total of 291 years* work, or an average of four years 
and eight months service. You can see the average member is getting 
service of an experienced man. One technician has now bred over 36,000 
cows. 

New Semen Diluter, New methods have been adopted this year that 
have been very important in improving service for members. 

The milk glycerated semen has increased breeding efiBciency and also 
the time semen can be used. It has made semen useable for four or 
five days ^vith results equal or better than two days* use previously. A 
study of this process shows a breeding efficiency of 72.9 per cent on 
51,800 services. It was 67.8 per cent on the 22,800 services by the old 
process. 

The bull power studies were a great aid to our industry. They show 
that many bulls can be used tm'ce weekly. The total services or sperm 
production is increased by 67 per cent by this process. 

Seven bulls are now on this twice weekly collection, making their 
service available every day and at no more cost. It is possible to collect, 
process, and ship enough semen from one bull to breed 80,000 cows in 
one year. I make this statement based on present procedures used and 
the knowledge that one bull can produce 800 biUion sperm yearly. 

Summarizing, this year shows a great rate of gain in service number. 
The goal for next year is 100,000 cows. One month of year is complete 
witli an increase that indicates we can do it. We must realize it takes 
planning and good service. It is too easy to relax and c.xpect increases will 
naturally follow. 

We have the best average group of technicians in our histor>». Iy>cal 
boards are helping more in promotion and pubh’c relations. All these 
factors added together can insure success for the \ilal scnicc contact 
at the local level. 
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The following excerpts are from °”s''another 

Northern Ohio Breeding Association in 195^ Mr Dr 
manager with twenty tears of experience His statement 
reflect an abiding enthusiasm for the artiflcial P ^ 

and an intelligent interest in the father ’mprovement of tech 
and methods of operation as a means of increasing m 


hts: , 

We have been on a 100 per cent frozen semen 
and think it is the most important was 

since its inception The conversion from liquid to froze 
made without loss of conception rate. As a result we have been f 
the semen of any bull at any time to any member or patron. 

This by necessity, in an organizadon as large as ours, r"™ , j„ 

had to adopt a pricing policy consistent to keep supply an 
hne, in order to make such a choice of bull program feasible. 
our stud can he stretched to meet the demands if he happens 
unusually popular and at the same lime a bull of good concep lon 
As a result we have bulls at $6, $7, $8, and $10 fees to our own ' 

and it is a program that sells itself very well. I anticipate 
goes on and we grow in size, we will probably have greater a 

in bull evaluations or at least service fees different from these here quo • 
1 can very easily see where a real top sire might be priced to our me 
bers at considerably above $10. Actually, I know of no other way 


ration such a bull on a fair and equitable basis. , 

Our association is now equipped to do a job with frozen semen, 
milling the merits of one or two of the best liquid semen programs 
operating, we would not now be interested in returning to such, ur 
next step would have to be one of very considerable improvement, cun 


ceivahly drying, etc. 

Some real answers are needed on semen quality. We have come to 
the conclusion after studying most of the records of our recent services, 
on an ejaculate basis, that the biggest difference between good bulb and 
mediiun or poor bulls on conception rate is not an actual bull different^ 
as such, but that the difference lies largely in the proportion of good and 
I>oor ejaculates that the various bulls throw. For instance, in studying 
several of our top Holstein bulls, we found that they were consistently 
running conception in the 70 per cent range week after week on an 
ejaculate basis. But tlien something would go wrong and we would find 
one of these ejaculates dropping from the 70’s down into the 30’s or 40’s, 
then bouncing right back again. Now, obviously, there was some meas- 
urable difference in that semen and wc didn’t catch it; nor do 1 believe 
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that any of the present methods of semen evaluation would catch it. At 
the same time, I remember a particular Jersey bull, whose conception 
was always below the average for that breed, and yet, about a third of 
his ejaculates were rated in the 70 to 80 per cent conception. This means, 
that if we had some method of accurately identifying those medium to 
poor ejaculates and discarding them he would have been one of the 
good conception bulls in our stud. Our semen quality determinations are 
based on the use of the microscope and the photelometer. 

Our normal procedure of breeding cows hasn't varied a great deal 
over the years. We still try to inseminate the “in heat” a.m. cows sometime 
during the day and, normally, to try to care for the cows of the previous 
p.M. and evening the first thing in the morning. We have some men who 
do cover their territory t\vice per day, and it is possible in my mind that 
we may be reaching some of these cows too soon. 
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Frozen Semen 


H. A. HERMAN 


W hen we speak o£ frozen semen, we refer to semen frozen and 
preserved at -79* C., utilizing dry ice and alcohol as refrigeran , 
semen preserved at -196* C in liquid nitrogen containers. ROin 
methods are in common use m the United States. Many hree mg 
organizations in Europe use dry ice and alcohol to provide a storage 
medium; and many also use liquid air, which, like liquid nitrogen, 
can provide storage at around —190° C. Liquid CO 2 also may 0 
used. 


ADVANTAGES OF FROZEN SEMEN 

The use of frozen semen is one of the spectacular developments 
in modern-day artificial insemination programs. The artificial in- 
semination program for cattle, in particular, has been greatly en- 
hanced by the development of frozen semen. Its advantages are 
many, and because of the costs involved in maintaining fresh semen 
at all times, frozen semen is considered a most important adjunct to 
liquid semen for many organizations Some organizations, because 
of their location, service needs, and shipping problems, have in- 
stalled a 100 per cent frozen semen program with satisfactory re- 
sults. This trend will continue. 

Tlic advantages of frozen semen are; 

1. With frozen semen, selective mating is possible. A dairyman 
can use the sire of his choice at any time. 

364 
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2. Frozen semen is valuable in carrying on the influence of sires 
long after they are gone. Semen stored in tire frozen state for three 
to over four years has successfully been used and living calves pro- 
duced. 

3. Frozen semen permits almost 100 per cent utilization of the 
semen from a given sire. No semen need be discarded because of 
age, as is true witli liquid semen. 

4. Transportation costs of semen from the bull stud to area tech- 
nicians is greatly reduced. Instead of daily or every-other-day sliip- 
ments of liquid semen, the technician may have liis supply of semen 
from selected bulls replenished every two or three weeks. Trans- 
portation of frozen semen is by truck, railway express, and parcel 
post. The cost of delivery of semen cannot be taken lightly; it is 
a major expense for most organizations. Full-fledged frozen semen 
organizations deliver frozen semen by truck on regular schedule. 
It is a growing program. 

5. Selected matings to sires in widely located areas are possible. 

It is even possible to make matings to bulls on the Channel Islands, 
Holland, and England with cows in the United States. Shipment 
from coast to coast and throughout the world is now common prac- 
tice. 

6. Disease control, especially with respect to frozen semen, has 
been a point of question. It is known that freezing does not kill Vibrio 
fetus organisms, but Dr. W. N. Plastridge, of tlie Connecticut Ex- 
periment Station, and Dr. H. L. Gilman, of Cornell University, in 
exhaustive trials with virgin heifers have been unable to demonstrate 
Vibrio transmission in a single instance. It must be realized that 
bulls in general artificial insemination use are carefully checked by 
periodie examinations for Vibrio fetus, trichomoniasis, and general 
venereal diseases. Infected bulls are not employed. 

nisTonv OF mazes semen 

D.ivenporl recorded in 1897 that human spermatozoa would sur- 
vive freezing at —17° C. This obseivation received little attention, 
and it was not until 1938 that further work w.is reported. At this 
time Luset and Hodnpp (1938) found that a large percentage of 
frog sperm showeri motility after I>elng frozen. Tliey first partial!)- 
dehsdrated the .sperm in 2M sticrose, then immersed it in liquid air. 




Figure 83 Frozen semen \yes used to Insemlriote the dom of thH 
o third generation artificial insemtnolion product. When she was born, In 19 , 
sire had been dead over four years (Courtesy N«w York Artificio/ Bntding Coop- 
eroiivel 


and later thawed it rapidly by plunging the semen into a medium 
wanned to 20” C. This technique was based on instantaneous 
ing in order to secure vitrification rather than crystallization of the 
intracellular water. 


Another worker, F. Jahnel (1938), reported some success in re- 
viving human sperm which had been frozen in glass tubes for 40 
days at —79° C., and also some kept for shorter periods at —196 C. 
and —269° C. He apparently did not take any precautions to insure 


utmost rapidity of freezing and thawing. 

A pertinent literature review by Luyet and Gehenio appeared in 
1940. It contains information on the ability of a variety of organisms 
to survive exposures to very low temperatures. Luyet reports that the 
preservation of life at low temperatures depends on preventing the 
formation of intracellular ice crystals, either hy dehydrating the 
cells before freezing or by very rapid cooling and rewarming. 

Shettles (1940) attempted to revive human semen after it had 
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been frozen to temperatures of —79° C., —196° C., and —269° C. 
He obtained a low percentage of motile sperm, and emphasized that 
semen should be as fresh as possible at the time of freezing. 

Shaffner et al. (1941) froze fowl sperm to —70° C. after partially 
dehydrating it and adding levulose. About one-third of the sperm 
could be revived. 

Hoagland and Pincus ( 1942) used a variety of plasmolyzing solu- 
tions. Freezing was accomplished in liquid nitrogen at —195° C., 
and thawing by plunging into a medium at 35° C. Better results were 
obtained with human than rat, moose, guinea pig, rabbit, or bull 
sperm. However, the revival rate was poor. 

True storage of frozen semen was investigated in 1945 by Parhes 
at the National Institute for Medical Research, Hampstead, England. 
He noted that previous unsuccessful attempts had been made with 
the semen in thin films or small-bore capillary tubing, and so he de- 
signed an experiment to compare the freezing of human semen in 
small-diameter capillary tubes with the freezing of semen in larger 
tubes. Successful results were obtained at —79° C. and —196° C, 
rvith the larger tubing, but not with the smaller. Parlces was able to 
freeze human semen in ampoules and maintain them for two to eight 
days at —79° C. An abundance of spermatozoa survived when 
thawed. No record of fertility of this semen was obtained. 

In 1949 the English worhers, Polge, Smitli, and Parhes, reported 
that glycerol-containing diluents made possible the complete re- 
vival of motility in fowl spermatozoa kept at —79° C. for long 
periods. They also state that glycerol assists the survival of human 
sperm. 

Smith and Polge (1950b) found glycerol to be outstanding among 
polyhydric alcohols and their derivatives in protecting spermatozoa 
against low temperatures. Tliese workers indicate tliat glycerol 
modifies the process of ice crystal formation and dissolution in the 
medium, so that the damage due to pressure and other mechanical 
effects is reduced. Glycciol was found to have a deleterious effect 
on the fertilizing capacity of fowl sperm, but this has not been found 
true for other species. Cattle semen is one of the notable e.xceptions. 

Glycerol permits safe freezing. Smith and Polge (1950a) investi- 
gated the storage of bull and goat spermatozoa at low temperatures. 
Ten per cent and 15 per cent glycerol-sodium citrate buffered bull 
semen mixtures cooled .slowly from 2“ C. to —79° C. and then thawed 
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showed 50 to 90 per cent survival. Ninety per cent revivals were 

obtained in samples containing 15 per cent 

14 staces of two and one half minutes each. Storage at 2 O. alter 
lhalT rllted in a reduction of motility after ^ hours ^ com 
pared rvith unfrozen controls. Goat spermatozoa ^elje similaj /• 
The first real success with bull semen was reported bX Stewa 
in 1951. One calf was produced among many attempts a 
tion using frozen semen. . 

The effects of glycerol on unfrozen hull semen were my g. 
by Polge and Rowson (1952), and they found that it did not d 
mmish fertilizing capacity. In fact, the pregnancy rate of 
taming 15 per cent glycerol was 76 per cent, whereas similar semen 
Without glycerol gave a rale of 50 per cent. 


FREEZING SEMEN 

The method of semen freezing as adapted by the British 
is described by C. Polge, London; this is essentially the methoa 
followed by most American workers to date: 

1, Immediately after collection, dilute the semen with a diluent made 
up of 50 per cent egg yolk and 50 per cent by volume of 2.94 per cen 
sodium citrate (dihydride) solution. Usual dilution rate—l:! at norma 
room temperature. 

II, Cool diluted semen in refrigerator for three to five hours Tern 
perature: 5° C. 

III. Dilute 1:1 with 16 per cent glycerol by volume in 2.94 per cen 
sodium citrate solution. Temperature: 5® C Add 0,5 mg. of streptomycin 
sulfate per ml. Final concentration is then: 8 per cent glycerol, 25 per 
cent egg yolk, 2 2 per cent sodium citrate solution. ( Some workers ad 
glycerol in 5-8-1 portions over a period of several hours. It is not clear 
how advantageous if at all this procedure may be.) 

IV. Equilibration period of 6 to 20 hours at 5° C. Most workers prefer 
16 to 20 hours. Best results seem to indicate a 16- to 20 hour equilibration 
period. 

V. Package semen in vials or ampoules for freezing. Label properly. 

VI. A. Freese— using dry ice and alcohol (or acetone) at rate of 1° 
per minute from 0^ C. to -15® C. This is a critical stage in the process, 
and the timing must he accurate. Caution-Tfic Urhole secret of cell freez- 
i»K is to prevent crystaUization of water in the cells and to freeze rapidly, 
with glycerol acting os a protective agent, to the vitreous state. 
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B. Freeze from —15° C. to -70° C. at the rate of -3° to 4° C. per 
minute. 

VII. Store at —79° G. or below. The storage temperature is important. 
Cells cannot be warmed and refrozen. A temperature rise above —65° C. 
renders cells less fertile. Continuous storage temperatures of —70° to 
—79° C. or below are necessary. 

VIII. To use frozen semen— Place the ampoule of frozen semen in water 
at 5° C. for a few minutes. Then use in the usual manner. Many techni- 
cians carry a container of water and ice cubes so as to thaw the semen 
between farms. This is possible where the sire to be used has been 
designated. 

The above procedure for processing, freezing, and storing semen 
is standard technique, but at the same time modifications are made 
by many operators. The percentage of glycerin used may vary from 
7 to 12 per cent by volume, the equilibration time from 6 to 20 
hours, and the percentage of egg yolk from 20 to 25, with apparently 
equally successful results. 

Persons expecting to freeze semen should study the procedure 
carefully and adopt the operation best adapted to tlieir needs. The 
references in this field are voluminous, but some of the most perti- 
nent are listed at the end of this chapter. 

EXTENDCnS FOR FROZEN SEMEN 

Egg yolk-citrate extender or milk extender (diluter) may be used 
for frozen semen witli equal satisfaction. 

New Jersey Agricultural Experiment Station Circular 573, issued 
in 1955, outlines the steps for preparing each type of extender, and 
these are repeated here: 

I- Egg yolk Diluter Preparation {Solution A). Transfer the yolks 
of four fresh eggs into a 250-ml. graduated cylinder; add an equal 
volume of sterile, distilled water; mix thoroughly, and allow to stand 
for a few minutes. 

{Solution B). To a 100-ml. graduated cylinder, add 40 ml. of solu- 
tion A. 2 gm. of sodium citrate dihydrate, 100 mg. of streptomycin 
sulfate; and make up to a total of 100 ml. with sterile distilled water. 
Mix thoroughly. 

{Solution C). To a 100-ml. graduated cylinder, add 14 ml. of 
glycerol, 40 ml. of solution A. 2 gm. of sodium citrate dihydratc; and 
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make up to a total of 100 ml. with sterile distilled water. Mix thor- 

““By combining 

of streptomycin sulfate per ml. xi or homog- 

II. Milk Dihler Preparation {Solution A). He . 

enized, pasteurized milk in a double boiler to 92 to 96 C. 

s“ nCach 100 ml. of solution A, add 1^^ 

*°7sS«lion C). To a 100-ml. graduated cylinder, add 16 ml. of glyc- 
erol and 84 ml. of solution A; mix thoroughly. 

By combining equal quantities of solutions B and C, , . j 

the following final composition will be formed: 9^ per cen 
whole, homogenized milk, 8 per cent glycerol, and 0 5 mg. ot i 
tomycin sulfate per ml. 


PROCESSING AND FREEZING EQUIPMENT 

The equipment for processing semen can be purchased 
various suppliers of materials used in the artificial insemina lO 
field and laboratory supply houses. Advertisements of 
found in The A. I. Digest Information may also be obtained o 
the nearest agricultural experiment station or artificial breeding or 
ganization. . i 

The usual freezing equipment consists of a cooling bath, 
with wire rack to maintain semen in place in flasks during 
equilibration period; flasks and graduated cylinders for measuring 
materials in formulation of the extender, glycerol, and semen; am 
poules made of glass, usually 1.0 ml. to 1.2 ml., for packaging the 
pre-cooled extended semen into suitable doses for insemination. 

Ampoules must be permanently labeled and carry name and regis 
tered number of the sire. A glass marking ink may be used, or sup 
plies of ampoules may be permanently labeled. There are marking 
machines on the market that will do this job satisfactorily for large 
operators. 

Tlie ampoules are sealed with an oxygen-gas burner, or by means 
of a scaling machine. This equipment is easily procurable. 
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Wire racks are necessary to hold the ampoules during freezing. 
These racks should be the same size to fit into permanent storage 
facilities. 

The semen in the ampoules is frozen by placing the racks in a 
bath of isopropyl alcohol, or acetone, and adding dry ice a bit at a 
time to control the freezing rate. As mentioned, the temperature is 
lowered about 1° C. per minute between 5° C. and 15° C., and 
3° to 4° C. per minute between —15° C. and —79° C. 

A mechanical agitator assembly, a dial thermometer, range 
-100° C. to +40° C., and a clock to regulate timing will greatly 
facilitate the freezing procedure and aid in uniform results. 

After freezing, the ampoules in their racks are transferred im- 
mediately to storage facilities. The temperature is maintained at 
-79° C. or below at all times until the semen is used for insemina- 
tion. 


FBOZEN SEMEN nEFIUGERATION 

Dry Ice and Alcohol. For most storage of frozen semen, dry ice 
and alcohol, which will maintain a maximum low temperature of 
—79° C., are employed most widely today. However, the use of 
liquid nitrogen, liquid air, or liquid carbon dioxide, or mechanical 
refrigeration, is becoming more prevalent. No doubt there will be 
many changes in equipment as our e.xperience increases in this field. 

The advantages of dry ice and alcohol as a refrigerant are that the 
procedure is simple, equipment is fairly cheap, and storage contain- 
ers come in various sizes and can thus fit many operations in the 
field. 

Disadvantages are that a constant supply of dry ice must be avail- 
able. This is not always possible— particularly in isolated areas and 
some foreign lands. It is also necessary to keep a constant check 
on the dr>’ ice and keep the storage equipment properly supplied, 
or the entire batch of semen may be lost. 

VocHiim Jar. For occasional matings, or in order to keep a small 
supply of frozen semen on hand for immediate herd use, the herd 
omicr will find the one-gallon, rack-fitted, vacuum jar satisfactory 
and economic.rl (sec Figure 81). The jar must Ire kept well supplied 
svilh dry ice and alcohol. As a nde, such jars ncesl to bo re-iced niwut 
ever}' three or four days. 




F gure 84 Vacuum jar for corrYing or slorng jmoll quant tes of frozen semen 
(Insem k t Co Boroboo Wisconsn) 

Dry Ice Sfortigc Chests Chests like the one illustrated m Figure 
85 arc av ailable in v anous sizes from most supply houses 

Semen is rcmo\ed from these containers by means of forceps so 
as to prevent warming contents of the entire container 

Mechanical Rc/rigcrafion Mechanical refrigeration is used as an 
alternate for dry ice Electric refrigerators are available in 1 cubic 
foot to 54-cubic fool sues the largest will hold 57 600 ampoules ol 
frozen semen 
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figure 85. This frozen semen chest, made of polystyrene, will hold 1,200 ampoules. 
It requires 50 pounds of dry ice end 5 gallons of alcohol. 


The larger mechanical refrigerators are used for central storage, 
usually at the headquarteis of an artificial insemination organization. 
The smaller mechanical units, 2 to 5-cubic foot capacity, are used 
to supply technicians, often several, operating out of a field olfice. 
The smaller units, and likewise dry ice and alcohol storage units, 
are replenished with semen from the central storage. 

Large mechanical and large dry ice-alcohol storage chests are used 
for “custom" storage. If a power failure oecurs, drj’ ice is often used 
to supplement a mechanical box. Some organizations maintain an 
auxiliary Diesel poxver unit to supply electricity under emergency 
conditions. 

hiqnUl Nilropen. Liquid nitrogen is the fourtli coldest substance 
known. At atmospheric piessurc it has a boiling point of —19(3° C. 
(-320°F.). 

Growing evidence indicates that temperatures below —70° C. 
(110° 1'.), whicli is the physical limit of dry ic<’ and alcohol, m.ay 
he most desirable for semen storage. 

Dry Ice Wtsiis Liquid A'i7rogrii. Aiiicric.m Itreeders Serx ice, Chi- 
cago, Illinois, the largest artificial insemination organization In the 




F gure 86 Removing a Iray of frozen semen from the 54-cub c foot electrico 
operated storoge on t at the Control Oho Breeding Assoaat on Columbus ' 
unt holds over 57 000 ampoules of semen Duel refrigeration machnery otsures 
safe temperature at all times 


world, has conducted rather exhaustive research on this point an 
m 1957-1938 installed a 100 per cent frozen semen program la 
sohing some 1,100 technicians and 1 2 million cows in the Unite 
States and abroad Liquid nitrogen and appropriate containers were 
introduced and arc giving good results Tliat organization reports 
( 13 per cent on a 60 to 90 day non return basis for over 1 mdhon 
cow s on a first serv ice basis 
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figure 87. Liquid nitrogen shipping ond storing contolners of Amencon Breeders 
Service, Madison, Wisconsin. Electronic recorders In each contoiner ossure enough 
liquid nitrogen to molntoin the 40,000 ompoules in good condition until orrlvol at 
llieir destination as much os two months later. 


Larson and Graham (1958) studied 75-day first service non-re- 
turns on about 1,000 cows on the artificial insemination program in 
Minnesota and found that dry ice-alcohol storage (— TO^C.) gave 
69.3 per cent non-returns, and split samples of semen stored by 
liquid nitrogen ( — 196° C.) gave 71.9 per cent. They did not con- 
sider the results statistically significant. Pickett ct al. (1959) in 
Connecticut conducted an investigation employing the "split sample 
technique to test semen preserved with liquid nitrogen. They used 
liquid, but glycerolated semen for the control animals. On a 60 
to 90-day non-return basis, they found that the non-return per- 
centage was 77.7 for 332 cows inseminated with liquid semen. On 
629 cows inseminated with frozen semen stored in liquid nitrogen 
containers the non-retum percentage was 72.9. The authors did 
uot consider the non-retum differences between the two methods 
significant and that either method provided satisfaclorj' storage. 

Liquid nitrogen storage drums for frozen semen may now be oh- 
iiiincd from sev'cral concerns, and in the futtire more re\*ealing in- 
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formation on the adiantage of extremely low temperatures should 

r^Man, European worhers are 
fngerant for frozen semen The process is “^equately tecnbe > 
B R van WulftenFalthe (1959) L'T'-'d those 

perature below -150“ C , that is, temperatures 
of liquid nitrogen moreover. fairl> trouble free equip 
used and dry lee is not needed for central storage on a long tim 


basis 


Liquid Carbon Dioxide Equipment utilizing hqmd 
as the refrigerant for frozen semen is available The emp 
are as low as those for dry ice, or may be lower under pressu 
important practical advantage of this equipment is that it is r 
mechanical problems Storage chests utilizing liquid carbon dioiu 
are available m sizes that will store 100,000 ampoules of semen ne 
cause of its simplicity, freedom from mechanical failures, and e 
omy of operation, liquid carbon dioxide chests may play an imp 
tant role m artificial insemination operations in the future 
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EFFICIENCY OF FROZEN SEMEN 

Polge and Rowson ( 1952 ) have reported their results with frozen 
semen in the insemination of 285 cows. The conception rate ( three- 
month non-retum) was 66.3 per cent. Semen stored for as long as 
32 weeks was just as good as fresher frozen semen. Inseminations 
were made with samples diluted up to 1:40 and kept at —79° C 
There was no indication of impaired fertility in any of the dilutions. 

Frozen semen usage in the United States indicates probably 2 to 
5 per cent lower non-returns than fresh semen. This figure varies 
greatly with the selection of semen samples and bulls by breeding 
organizations. 

A number of organizations in Canada and the United States have 
been able to achieve equal results with frozen and liquid semen. 


USE OF FROZEN SEMEN 

During 1958, some 51 of the 71 bull studs in the United States 
utilized frozen semen. Ten bull studs used frozen semen 100 per 
cent. 

Forty-four of 71 bull studs were freezing and storing semen for 
cooperating breeders on a custom basis. 

Inventories made by The Holstein-Friesian Association of Amer- 
ica, Brattleboro, Vermont, which has 47 per cent of its registration 
from artificial insemination service, showed that in 1958: 

1. 608,994 ampoules of semen from 780 bulls were in storage by 
some 51 bull studs. 

2. 522,560 ampoules of semen were in storage as a product of 
' 509 live bulls; there were, however. 57,808 ampoules from 116 bulls 

that were dead or had gone out of use. 

3. Several calves-Ohio, New York-bad been bom four years 
after the sire in question was dead. Semen in England 1ms been 
used after four years of storage. 

There does seem to be a slight decline in fertility of frozen semen 
as the length of storage lime increases. The drop in fertility seems 
to occur during the first few weeks in storage and declines little 
thereafter. The rate at which frozen semen declines in fertility needs 
further research and will lie determined in the future. .Many ex- 
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penment stations, some on projects supported by ‘''<= “alAsso- 
mt.on of Artificial Breeders, arc now rvorlung on tins problem. 


CUSTOM FREEZING OF SEMEN 

Many artificial breeding organizations are offering cattle breeders 
in their vicinity "custom freezing” service. “Custom freezing 
any owner of an outstanding bull the opportunity to use such a Dull 
for artificial breeding, even after he is dead. __ 

Organizations that practice "custom freezing will go to the . 
collect semen from a bull, evaluate the semen, freeze same it satis- 
factory, store the semen, and provide the owner with a supp y 

This seems a logical step, and a service that any purebred owner 
should utilize. The artificial breeding organizations have 
ment, the storage facilities, and experience in the technique of tree - 
ing semen. Furthermore, the purebred breeder often can sell seme^ 
from outstanding bulls through organized artificial breeding organi- 
zations, This results in selected matings and satisfactor)’ service. 
This type of service is on the increase. 

As a rule, purebred breeders who offer services from outstanding 
bulls will fare better by offering their bulls through the organize 
artificial breeding organizations. These organizations are equippe 
to do a complete job and will relieve the herd owner of the tas 
of dispensing semen in a competitive market. 

Custom freezing service is available in nearly every part of the 
United States. All a herd owner needs to do is get in touch with his 
nearest artificial breeding organization if he desires frozen semen 
service. At the present time, over 50 bull studs are freezing semen 
on a custom basis, and there are at least three private operators who 
specialize in collection, freezing, and storage. 

Freeze While Bull Is Healthy. If a bull is deemed worthy of in- 
clusion in the frozen semen program, it is wise to have the semen 
collected and frozen while the bull is healthy and active. Too many 
breeders wait until a bull is crippled or- waning in fertility before 
arranging to have his semen frozen. Freezing will never improve 
semen, and semen from bulls of low fertility will appear worse, ft 
is a lesson we must learn. 
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DISADVANTAGES OF FROZEN SEMEN 

The artificial insemination industry looks upon frozen semen as a 
very useful tool, which, if used intelligently, can perform miracles 
in breeding. There are a few disadvantages, however, that need to be 
recognized and proper safeguards exercised. 

Frozen semen may limit the number of bulls used. There is no 
“sure fire” method of selecting bulls for herd improvement except 
the progemj test. This is the program the artificial insemination in- 
dustry seeks to follow. “Get a good proved bull and use him heavily.” 
Pages upon pages of material have been written by students of 
breeding on how to select bulls. This endeavor is commendable, 
but in terms of realistic values, we are still subject to the laws of 
Mendel. Most selection must be based on previous performance; and 
sometimes we do not kmow the selection intensity— and even these 
values are questionable in many cases. Here is why the frozen semen 
program needs careful screening so that the tremendous advantages 
it affords can be properly utilized: 

1* Some bulls, about one-third, produce semen that will not un- 
dergo the rigors of freezing. Thus, unless we are very careful, we 
niay wind up selecting bulls largely on a “fertility basis and 
ignore some of the better production bulls that may be lower in 
fertility! Kanowa King Fosch Neptune, sliown in Figure 18, is typical 
of the bulls that could be used very heavily. We believe fertility is 
important and should be stressed. However, in the present-day com- 
petitive program in artificial insemination which really demands 
get the cow settled,” some very great bulls may be lightly used. It 
is a case requiring wisdom and careful judgment. 

2. Frozen semen is expensive! The cost of drj' ice and maintenance 
of a semen bank is a daily expense. Organizations that have both a 
liquid and a frozen semen program find their overhead costs in- 
creased because of frozen semen. Yet, we subscribe to tlic idea tliat 
frozen semen is the ideal answer for people who want selected 
matings. At present they represent about 10 to 15 per ccut of the 
dflin/incn who use artificial insemination service. 

3, Heavy uliliziition of frozen semen limits the miml)cr sires 
used. It is possible for one sire to linve over 100,000 offspring. One 
"fgauization reports four hulls, two .still in active sen*icc, that Iiave 
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over 100,000 first services Several other sires have ‘'"f 

distinction. There is no argument as to the wisdom of 
anv bull of greatness so that he can sire many progeny. The only 
quLtion is "What sire, or sires should be entrusted with the ma/or 
Iheritancc of any mans herd?" If our selection methods were p^ 
feet, there would he no argument. As the picture stands, w 
advise against the use of too few sires. However, when tnily gr 
bulls are found, even by our present methods of appraisal, 
heavy use can add much to the genetic “bank account for cattle. 


REGULATIONS FOR PUREBRED DAIRY CATTLE 

The regulations for fresh semen, as set by The Purebred Dairy 
Cattle Association of the United States, place the burden o re 
sponsibility for accuracy and honesty on the producing organization, 
and these apply equally to frozen semen. 

In January, 1954, representatives of The Purebred Dairy Cat 
Association and the National Association of Artificial Breeders drew 
up the regulations for frozen semen now in effect. They read as 
follows: 

1. When frozen semen is used, the letters "FS" are to be written in the 
lower right hand comer of the breeding receipt. 

2. Semen Producing Businesses freezing semen must keep an inventory 
of frozen semen on hand and this inventor)’ available at all times as are 
their other records. 

3. Upon the disposition of a sire, either by death or sale, Semen Pro- 
ducing Businesses must report the number of ampules of frozen semen 
on hand to the breed registry organization involved. 

4. Semen Producing Businesses performing the service of freezing 
semen from sires not owned by the Semen Producing Business must re- 
port monthly the number of ampules frozen, giving the name and number 
of the sire and the name and address of the owner. 

5. Where 10 or more ampules of semen are sold by one breeder to 
another, a breed association transfer and the necessary transfer fee are 
required. Each breed association furnishes the necessary “Transfer 
Forms.” 

6. Every bull used for breeding of purebred cattle and involving frozen 
semen must be blood-typed. 
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BEEF CATTLE AND FROZEN SEMEN 

Frozen semen is already playing an important role n Neef cattle 
breeding. Although beef cattle regulations for registration ol pure- 
breds prohibit the use of semen from organized breeding stvJs but 
do allow three or four persons to own a sire jointly, the owners Oi 
such a sire may use frozen semen in their own herds whether they 
are neighbors or live in distant states. 

In 1957, beef semen was utilized in about 11 per cent of all 
artificial inseminations of dairy cattle. This trend will increase as 
long as beef prices are above the milk-feed rates for below-average 
dairy cows. These were largely commercial cattle matings. 

By using frozen semen, the purebred beef producer can utilize 
an outstanding sire in his own herd and still share the sire with a 
friend, counties~or states— away. It is being done every dayl 
Beef cattle producers have indicated much interest in a better 
calf crop,” control of breeding troubles, Performance Registry, and 
“Progeny Tested Sires ” The latter are beef bulls whose progeny have 
been recorded for rate of gain. 

This trend will probably continue. Purebred beef cattle breeders 
Want the very best sires; the commercial producer wants efficient 
gain. We believe this trend will continue as more beef producers in- 
terest themselves in efficiency of gain. There are roughly two beef 
animals for every dairy animal in the United States. Thus, there is 
opportunity for a vast new program of cattle improvement. 

DISTRIBUTION OF FROZEN SEMEN 

It is a foregone conclusion that shipping costs can be materially 
^■educed by the use of frozen semen. This is particularly true if tnick 
transportation is used and replenishment of supplies is necessary^ only 
few weeks. Many artificial insemination organizations do dc- 
“\er frozen semen by truck. American Breeders Service, for ev- 
««iple, has a fleet of tnicks covering the United States, not only to 
deliver semen hut to replenish liquid nitrogen in technicians .stor- 

‘^ge facilities. 
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FOREIGN SHIPMENTS OF FROZEN SEMEN 

Shipment of frozen semen from the United States to Central Ainer- 
ica, South America, Mexico, Cuba, and other countries is well estab- 
lished. For the most part, shipments today are to private herd o\yn- 
ers These countries do not have many large-scale artificial breeding 
organizations, however, a few of the small breeding operations are 
utilizing frozen semen with excellent results. The trend will grow. 

It is logical that the United States should furnish the Latin Amen- 
can countries with semen from top quality bulls, and tne 
semen program can easily do tbe job. Expensive bulls impor e 
from the United States, Canada, and Europe into South and Central 
America often have a difficult time in becoming acclimated. Many 
are victims of anaplasmosis and local diseases of cattle. In 
cases, the fertility of semen of the imported sires is greatly reduce! 
by submarginal ailments. If frozen semen, rather than the valua e 
sire, can be imported from the North American continent or 
crosses with native cattle can be achieved just as successfully. The 
frozen semen operations of the artificial insemination program are 
destined to expand to fill needs abroad as well as at home. 
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In recent years the number of semen shipments sent considerable 
distances has steadily increased both intranationally and interna- 
tionally. Today thousands of inseminations are being made daily 
with shipments of semen transported by bus, rail, and plane. 

This has been due chiefly to tlie growing interest in tlie artifi- 
cial breeding of select females to sires considered to be extraor- 
dinary. Most of the reported successes have dealt with bull semen, 
mainly because of the longer time in which it has been available 
for trial transport. Success has also been achieved in both short 
and long-distance shipping of tlie semen of tlie ram, bufi^alo, dog 
and certain other species. In 1957 and 1958, England exported 
frozen semen to Australia, Ghana, Hong Kong, Iraq, and Kenya 
with satisfactory results. In like manner, the United States sent 
shipments to the Pacific area, to most of the countries of South and 
Central America, and to the Middle East. The lack of dry ice or 
otlier comparable refrigerants in some of the importing countries, 
or inaccessibility to air transport, has caused difficulties at times; 
but as these are overcome and government health regulations are 
met, this new type of international business will expand. 


LIQUID SEMEN 

Today most of the shipments of liquid semen arc within n slate 
or country and seldom involve a period of more than 12 to 48 hours. 
385 
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The tned method of using a can of solid ice of varying size is usually 
satisfactors’. After the semen has been properly cooled to 35^ toi^® F*, 
the test tube or lial is completely filled to reduce agitation. AftCT 
stoppering, it is sealed b\ appKing melted paraffin with a camels 
hau" brush. Kest it is labeled with the name and number and breed 
of sire and an) other pertinent information, covered ssith a fev,' 
thicknesses of trapping paper, and placed alongside the can of ice. 
The two are wTapped together lightly in heavy insulating paper and 
inserted in the shipping container. In the United States this is usually 
a heavy cardboard box about 8 by 8 by 10 inches of the l>T>e used 
to preserve quart packages of perishables for intervals of several 
hours. Surrounding the inside are two layers of corrugated card- 
board. The refrigerant must be prepared in advance by filling a can 
with enough water to make a full container of ice after the sofid 
freezing in an electric refrigerator. (Figure 69.) 
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The size of can to use will depend upon the outside temperature 
and the period of time that the semen must be held near 40° F. 
(S^C.). Suitable temperature will be maintained as long as any 
ice remains. Much care must always be exercised to insure that the 
shipping container is durable enough to withstand the rugged con- 
ditions of transport without damage to tlie tube (or tubes) of semen. 
Bhattacharya (1959) reports that tliree semen sliippers obtained 
from England, Denmark, and Sweden were tested and tried in 
India but were not found suitable under the difficult conditions 
prevailing in India; however, these semen containers are very suit- 
able for the countries in which they were developed. At the time 
of writing, four' containers designed in India and one in Japan are 
under laboratory test to determine their low-temperature maintain- 
ing efficiency. From tlie work done so far, it appears that hvo of the 
containers are comparatively more efficient in maintaining the de- 
sirable thermal status imder the test conditions of the laboratory. 

Poona Semen Shipper. This consists of a tlwee-pint Thermos flask 
held inside a wooden box measuring 8 by 8 by 12)^ inches and lined 
on all four sides, top and bottom, with one-inch thick foam rubber. 
The maximum loaded weight of this shipper is 12 lb. 

Bang(ilore Semen Shipper. This is made up of a tliree-pint Thermos 
flask held inside a cylindrical aluminum milk pail with lid. The 
pail is lined on all sides with half-inch-thick foam rubber, and the 
vacuum flask fits snugly into it. Loaded weight of this container is 
only about 6 lb. 

Sometimes the container is a gallon thermos jug enclosing a pint 
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Thennos flask. This costs more to use than the lighter sluppers but 
is sometimes believed to ire iustifled liceause of the comparative 

certainty of adequate temperature control. , ,, , u„ 

After careful sealing and addressing, a package should ^ 

labeled “Rush," "Live Sperm," "Perishable, and sent Special U 
livery. 


rnOZEN* SEMEN 

The two principal refrigerants used in experimental 
shipping of frozen semen in recent years are diy ice (CO 2 ) an 
liquid nitrogen. Research workers have not yet detected any grea 
difference in the two types of refrigerant as measured hy rccovcrc 
motihty and the resulting rate of conception. Each organization or 
person concerned must decide which of these seems preferable m 
view of costs and other factors. Dry ice functions at —110 
( -79® C.) and liquid nitrogen at —320° F. ( — 196° C.), and hence 
the latter has a longer safety factor. 

Dry lee. Ampoules of frozen semen can be shipped in much the 
same manner as liquid semen when the refrigerant is dry ice. First 
of all, the container should be one well known for its insulating prop- 
erties. Suppliers now have on hand equipment that is both strong 
and light in weight, made of such material as expanded styrene. One 
of the good shippers is round in shape, has a capacity of 75 ampoules 
and a loaded weight of 20 lb. Its safety period is three days. Another 
model especially designed for international transport has a loaded 
weight of 70 lb., holds up to 500 ampoules, is 18 by 18 by 24 inches 
in size, and has a safely period of six days. Both models are guar- 
anteed to told the temperature dowm to —75° C. or lower when 
properly packaged. 

As many as a dozen ampoules of frozen semen have also been 
shipped in a cake of dry ice about 5 by 5 by 9 inches in size. The 
ampoules are placed either in a deep one-inch hole or in several 
one-inch holes drilled into the end of the ice block. The holes are 
then plugged with chilled cotton and the ice is wrapped in an 
insulated bag; both are then packaged in a cardboard container as 
reported by Mixner (1955). 

Liquid Nitrogen. Importing frozen semen with the aid of liquid 
nitrogen as the refrigerant is being favored in areas where dry ice 
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Height o\ er-all 
Outside diameter 
Weight empty 

Semen capacity (packed in canisters) 

Liquid nitrogen capacitj wlicn loaded with semen 
Total eight when fully loaded with semen and liquid 
nitrogen 

Temperature maintained until exhaustion of liquid 
nitrogen 

Temperature holding time (during field ucc, 
without refilling), approximately 
Daily consumption of liquid nitrogen, npproximatclj 
Cost of 27 liters of liquid nitrogen 
Cost of refrigerator and full complement of 
accessories, approximately 
The temperature holding time of the largest of these shipper re 
fngerators is two months Hence, it can be loaded to its T 

42,900 ampoules and carried by ship from one country to ano • 
Its loaded weight is 2,316 lb The liquid nitrogen capacity is 40^ 
liters (826 lb ), and the daily nitrogen consumption is approximat y 
7 liters Its height with legs is AY. feet, and the ouU^de diameter 
4 feet The cost was about $9,800 fully loaded, in 1958 

The names and addresses of companies that sell any of the a ove 
mentioned equipment, including those that offer machinery for 
making of dry ice and liquid nitrogen, can be obtained by 
mumcating with one of the agricultural expenment stations or wi 
one of the large artificial breeding organizations that has been m 
operation for a period of several years 


22 m 

02 lb 

504 ampoules, 14 lb 
27 liters, 48 lb 

124 lb 

-190“ C (-320“ F) 

3 weeks 

1 H bters. 

S5 00 (U S ) 

S5-1044 (1958) 
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Disease and Artificial 
Insemination 
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and 

LESTER L. LARSON 


Artificial insemination is providing numerous advantages toward 
the improvement of livestock and poultry in many areas of the 
world. Although the technique is practiced most widely in cattle 
its success in sheep and poultry is impressive. Interest in insemina- 
tion of swine is growing actively, and insemination of horses and 
dogs is practiced successfully on a limited scale. 

Particularly in cattle, tlie technique has provided not only a means 
of inexpensive, mass genetic improvement but also a critically needed 
method for the improvement of fertility. Positis’c, eircclive conliol of 
venereally transmitted diseases affecting reproduction becomes pos- 
sible when the relatively few males required in artificial insemina- 
tion arc maintained under continuous technical supervision Fui ll 
it is possible to employ, selectively, llie semen of bulls of eslablisll'^'l 
fertility. In some countries, wl.crc long-practiced "communal" breed 
ing practices had made mfcctiniis reproductive dise'n,.« ..i r 
and crippling to the cattle raising c^noniy. L iS; 
through control of disease bas Ihu.-,, Ibe pr nnrv in r"'’,"' 

extension of artificial insemination. ‘ -olivallon In the 


In other sarietics of lisestock^iid poultry, control 


of Infectious 
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discses affecting fertility of iomcwl.at less importance becanse 

L drseases are apparently not only less 

nnmerons but also less common. For these ammal spee.es be pnnn 
nal hygienic advantage of artificial insemination may ‘ 

elirninams the necessity of frcipienl introduction of males of uncer- 
tain general health status from outside herds or flocks. 

Artificial insemination has a unique advantage in stopping sexua 
contacts There need he no males carr>'ing venereal infections Uom 
female to female. The male becomes part of a laboratory and me- 
chanical process which can be brought under rigid technical control. 
This process substitutes for natural ser\'icc, wherein only limilea o 
no human supervision or restraint is exercised. 

Artificial insemination makes possible the fertilization o man> 
thousands of females per year from a single male. One bulk m*'*'"' 
tained under rigid technical supervision, can replace hundreds o 
unsupervised bulls in natural service. Their thousands of promiscuous 


sexual contacts arc eliminated. 

Today, artificial insemination of cattle lias advanced, and it mus 
now stand realistic and critical judgment as to its true usefulness. 1 
is a “sword with two edges." It has been and continues to be our 
most effective weapon in the control and eradication of certain 
diseases. But whenever it is operated in an irresponsible, negligent, 
incompetent, or ignorant manner, it has the potential of spreading 
infection from diseased males further and faster than natural routes 
of disease transmission. Also, an inseminating technician does 
travel from herd to herd. He must consistently perform in a re- 
sponsible manner and observe the principles of sound farm sanita- 
tion. Although the over-all record of artificial insemination has been 
good, unfortunate incidents have occurred, and they have been of 
serious consequence. There exists a very real responsibility that 
must never be taken lightly. 

As to disease, artificial insemination is advantageous to a live- 
stock population only when all semen originates from sources under 
technically competent supervision and responsible management and 
when the semen is administered by well-trained, inseminating tech- 
nicians functioning in a responsible, sanitary manner. Breeding by 
artificial insemination can ehminatc the spread of numerous dis- 
eases, both systemic and sexual, which are often transmitted in 
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natural mating. Also, it can block the route by wlrich veneral in- 
fections are transmitted from one individual to another. 

DISEASES IN CATTLE 

Bovine Venereal Trichomoniasis. This is a venereal disease of 
cattle caused by a protozoan parasite. Trichomonas foetus. Natural 
transmission is almost exclusively by sexual contact. Infected bulls 
ordinarily exhibit no clinical symptoms, but evidence appears in 
the health records of the cows to which tliey are bred. Once in- 
fected, bulls usually remain permanently infected and will transmit 
tlieir disease to a high percentage of susceptible females on sexual 
contact. Bulls can be cured of the infection by specific treatment. 

This infection is self eliminating in females, but this may take 
six months or longer. During the period of infection there is a state 
of infertility. For a few years thereafter, immunity to reinfection 
and consequent normal reproduction from services by an infected 
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bull are usual, then, however, re-cxposure may result in 
In females, the course of the infection and the period of infertility 
are not ordinarily altered through treatment. ,,tprus 

Trichomonads cause inflammation of the interior of t ^ • 

Any developing calf dies, but usually so early that nothing is noticed 
except that the cow returns to heat three to five weeks after breeding. 
Rarely, a pregnancy progresses for two or three months belore i 
interrupted by the infection. Tlien, abortion of a fetus may be seen. 
Rarely, after the death of the developing calf, pus may accumulate 
in the uterus in quantities up to several gallons. A cow so alirete 
may require special treatment to restore the uterus to health (Bart- 


lett, 1949). , 

The effect of bovine venereal trichomoniasis upon the reproduc- 
tive efficiency of a herd of cattle allowed to mate naturally is senous 
(see Table XXXI) (Bartlett, 1947). Surely, the acceptance and 
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growth of artificial insemination has had a large part in the reduc- 
tion of bovine venereal tnchomoniasis in the dairy cattle popula- 
tions of several countries. 

Recently, bovine venereal trichomoniasis has been reported to be 
far more common in beef cattle under range conditions in the United 
States than previously recognized. Three hundred and eighty-three 
bulls in eight areas were studied Infected bulls were found in half 
the areas, the incidence of tnchomoniasis being from 5 per cent to 
18 per cent in those bulls present These infected bulls had been 
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used either on public range or for breeding heifers later turned out 
on range (Fitzgerald et ah, 1958). 

Aitificial insemination with semen from disease-free bulls pro- 
vides the most certain, quickest, most practical, and economical 
means of controlling bovine venereal trichomoniasis in a group of 
females. 

Repeated laboratory tests must be made to ascertain that bulls 
used in aitificial insemination are free from Trichomonas foetus, as 
this organism survives the conditions of semen processing— including 
freezing. 

Bovine Genital Vibriosis. This is a venereal infection of cattle 
caused by a bacteria. Vibrio fetus. This disease is probably far more 
widespread than trichomoniasis, which it resembles in certain re- 
spects. In fact, differential diagnosis often requires careful laboratory 
studies. Bulls are the permanent reservoirs of infection. Females 
eventually recover and regain their abilities to reproduce after 
variable periods of infertility that are associated with infection of 
the utenis (McEntee et ah, 1954). 

The frequency of vibriosis is high in the dairy herds of some areas. 
In some groups of bulls assembled for artificial insemination pur- 
poses, the incidence of infection upon intensive culture studies has 
been revealed to be as high as 50 per cent (Hughes, 1956). At pres- 
ent, Vibiio fetus is usually controlled in artificial insemination pro- 
cedures through the addition of antibiotics to the semen. It has been 
shown by Orthey and Gilman (1954) that a combination of 500 /‘g. 
of streptomycin and 500 units of penicillin per ml. of diluted semen 
inactivates Vibrio fetus provided the rate of dilution is at least 1:25 
and the elapsed time before use of the semen is at least sis hours. 

Vibriosis has required special consideration in processing of frozen 
semen because it was diseovered that glycerin interferes with the ac- 
tivity of the antibiotics usually employed in semen proce.ssing. Diag- 
nosis and treatment of infected bulls and revised methods of semen 
processing arc essential, new procedures. 
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Bovine Bmcellosis. Transmission of bovine brucellosis or Baiigs 
disease, is usually by oral ingestion of organisms sired in 8^“ 
discharges of an infected female. Transmission to fema es by s^ual 
contact, even though an infected “semen sliedder bull is insobed 
is exceedingly rare or may not occur at all. However, when semen 
infected with Byncella abortus is placed through the cervix as is 
usual in artificial insemination, transmission of bmcellosis lias 
occurred at a very high rate. Special efforts must be made to 
necessary safeguards against use of infected bulls m artificia in- 
semination by careful and repeated testing of bulls for brucellosis. 
Both serom agglutination and semen plasma agglutination metho s 


are employed. 

Botme Tuberculosis. This infection may affect the genital organs 
of cattle, and venereal transmission has been recognized. Tlie theo- 
retical possibility of transmission by artificial insemination must e 
given due consideration through penodic testing of bulls to re-estab- 
lish their freedom from tuberculosis. 

Leptospirosis, Transmission of this systemic disease of cattle by 
artificial insemination has not been demonstrated. However,^ a 
theoretical basis for transmission exists Shedding of the causative 
organisms from the kidney by way of the urine is a common char- 
acteristic of this disease. Survival of Leptospira pomona in semen 
processed with antibiotics and held for one week at 38® F. has been 
demonstrated. Transmission of the disease through application of 
contaminated unne upon the skin of the legs of susceptible cattle 
has been shown ^Vhen these facts are taken together, the assumption 
seems reasonable that transmission could occur through deposition 
of infectious semen in the uterus of susceptible females. 

It is essential that only bulls free from leptospirosis be used in 
artificial insemination. 


Pustular Vaginitis {Coital Exanthema). This condition, though 
common in some parts of the world, is v’cry rare in the United States. 
Its primary symptoms are pustular ulcers of the vagina. Sometimes 
the preputial membranes o£ hulls are observed to be affected with 
similar lesions Although the primary route of transmission of this 
infection apparently is not venereal, it seems reasonable that it could 
spread by this route and that arUficial insemination could also serve 
as a means of transmission. Thorough knowledge of the health status 
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of bulls and the herds from which they originate provjdes the most 
reasonable safeguard against this infection. 

Foot and Mouth Disease (Aftosa). The possibility exists that 
semen might be contaminated with the virus of this disease. The 
virus has been shown to survive the conditions of semen processing 
and freezing. Consequently, transmission of this infection from 
endemic areas exists as a potential danger. 

Granular or Nodular Vaginitis. The exact etiology of this condi- 
tion has not been established. Artificial insemination does have the 
advantage of mechanical placement of semen beyond the area of 
affection. This condition is not considered to be of major importance 
in artificial insemination. 

Miscellaneous Infections. Certain rare sexual affections of cattle 
have been reported from limited areas. These have not been suf- 
ficiently well studied to establish their relationships to or importance 
in artificial insemination. Epivaginitis is a venereal disease of cattle 
described in Africa which is destructive to the epididymides of males 
and to the uterus and Fallopian tubes of females. From England, a 
viral infection of the vagina and uterus characterized by muco- 
purulent genital exudate, uterine edema, abortion, and infertility has 
been described. A somewhat similar infection has recently been de- 
scribed in California. A type of endemic abortion of cattle of un- 
established etiology characterized by a peculiar liver lesion of the 
abort has been described in California. 

HEALTH STANDAUDS FOn DULLS IN AnTiriCIAL INSEMINATION 

Minimum standards for health of bulls used in artificial insemina- 
tion of cattle have been recommended by the Special Committee on 
Animal Reproduction and Artifici.al Insemination (1956) of the 
American Veterinary Medical Assodation to the National Associa- 
tion of Artificial Breeders (Bartlett ct at., 1937). These recommenda- 
tions, adopted by the N.A.A.B. for guidance of their mcmliership, 
are as follows: 

Ccncral Sanitary rracliccs. The continuous pnii.incc of a veterinarian 
ulio is enconnigetl to become llioroiiglily familiar with (be beallb pro!)- 
lems anil routines can be hiebly comlnictive in mainlaininR tlie security 
of iiulisiilual lutiriciai insemination organizations. Iboblems of a special 
nature coneemetl with general sanitation, lisgiene, anti liise.isr control. 




Figure 93. Examining a sample of semen for paJhogenic organisms, ot the South- 
eastern Pennsylvania Artificial Breeding Cooperative, Lancaster. 


not included m the specific recommendations, should be handled in ac- 
cordance with the best of modem scientific principles. 

Care should be constantly exercised to prevent the introduction of in- 
fectious diseases onto stud premises. Routines should be scrupulously de- 
signed to prevent transmission of disease from bull to bull. Artificial 
vaginas should be thoroughly disinfected after use or, ideally, a separate 
set of equipment assigned to each bull. Pipettes, douching apparatus, and 
all other equipment which touch the genitalia should never be used in 
common without disinfection, disease has been inadvertently spread by 
such means 

Accidental natural service of mount cows, followed by another sub- 
sequent accidental service by another bull, has serious potential for intra- 
stud transmission of both bo\une venereal trichomoniasis and bovine 
vibriosis. Accidental services should be guarded against and prevented 
to the greatest possible degree. Bulls or steers should be the preferred 
mounts whenever i>ossible. 
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Scrupulous care should be exercised by the collector to assure that his 
hands cannot serve as a means of transmission of infectious material from 
bull to bull. At least, the collector s hands should be thoroughly washed 
and dried between collections from different bulls. Some operators may 
choose to wear rubber gloves, using a different sterilized pair for each 
buU. 

Herds of Origin. Knowledge of the detailed health status of each new 
bull, including health status of his herd of origin,' is fundamental in tlie 
protection of health security of -the entire stud, as well as for the economic 
protection of the owner in whose herd the semen is to be used. Isolation 
and observation of new bulls are desirable. 

Bovine Tuberculosis* Bulls should be found negative upon test for 
tuberculosis before being admitted to a stud for use in artificial insemina- 
tion. Thereafter, tests should be made not less often than annually for 
as long as a bull remains in artificial insemination. 

Bovine Brucellosis. Bulls should be found negative to a blood senim- 
sgglutination test, meeting the requirements of the state in which the 
bull is to be located, before being admitted to a stud for use in artificial 
insemination. In addition, each bull should be found negative to a 
second blood test and to a semen-plasma agglutination test (1:25 dilution, 
tube method) before semen is released for use. Thereafter, blood and 
semen-plasma tests should be made not less often than each six months 
for as long as a bull remains in artificial insemination. 



400 Artificial Insemination of Farm Animals 

Thereafter, a test should be made not less often than each six months 
for as long as a bull remains m artificial insemination. Unfortunately, 
there is not )et available a standard, official test for leptospirosis. It is 
recommended that the testing facilities in the state concerned be utilized 
and that interpretation be based upon the judgment of the laborator)' 
responsible Bactenological examination of semen from low-level react- 
ing bulls may be found useful in arriving at sound decisions. 


DISEASES IN SHEEP 


Ovine Balanoposthiiis. Ovine balanoposthitis is the venereal mani- 
festation of the virus complex known as ulcerative dermatosis of 
sheep. Lip and leg ulceration is associated with the same virus. In 
this disease, lesions around the prepuce are first vesicular. Later, 
they coalesce, form ulcers and eventually scabs. Healing is slow, and 
without treatment the lesion may remain active for prolonged peri- 
ods of time. In the ewe, lesions start near the lower portion of the 
vulva and spread, in some instances, over the entire vulva. The 
vagina usually is not involved. The disease is usually self limiting in 
the female, acute symptoms persisting not more than ten days. 

Transmission of the disease is almost exclusively by venereal con- 
tact. A flock outbreak results when an infected ram is placed with 
susceptible ewes. Rams should be examined for preputial lesions 
prior to being placed with a flock, and those showing lesions should 
be isolated and not used. In a severe flock outbreak it may be nec- 
essary to stop all breeding operations. The use of artificial insemina- 
tion wth disease-free rams could make it possible to resume breeding 


Artificial insemination can provide an effective means for control 
o is in ection. But, likewise, it is necessary to be sure that rams 
used m artiBcial insemination are free from the infection. 

‘'““sed by Vibrio fetus, is the most 
frequent cauj of enzootic abortion in sheep in the United States, 

abort U *^11 ^ pregnant ewes may 

c^r'sofTpH ^ ^ “"ly sign of disease in the ewe. How- 

these mav T f membrane retention occur, and 

Iw. Vibri^rr i! ^ “P 10 vet cent of ewes that 

contaminated gcnital''cxudate"'M ingestion of 

disease i<i net i • Most research indicates that the 

ncrea m nature and by implication that artificial 
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figure 94 Veterinarian collects specimen from prepuce of bull to test for bovine 
venereal trichomoniasis (Courtesy Americon flreec/ers Service, Chicogo ) 


insemination would not play an impoitant role either in control or 
transmission of this disease 

Ocine Enzootic Aboition, This disease is caused by a rickettsia- 
hke organism and results in aboitioii, letention of fetal membranes, 
and severe metiitis. It has been reported in Scotland, England, New 
Zealand, Germany, and Italy. The possible relationship to artificial 
insemination has not yet been established. 

I^pididymitis in Hams. This disease, first studied thoroughly in 
h*^e\v Zealand, lias recently been reported in California. It is char- 
acterized by a chronic inflammation of the epididymis and results 
ni fibrosis and ultimate sterility if both epididymides arc involved 
The cause is an organism which somcwliat resembles Brucella. Arti- 
ficial insemination in which iion-infccled rams are used should have 
'alue in control of this disease. 

nisi ASnS IN SW’INF 

Swine Brucellosis, Tliis is an insidious disease of swine th.it often 
**• transmitted veiiereally. Almrlion and infertility are the eonimon 
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Thereafter, a lest should Iv made not less often tlian each six months 
for ns long as a bull rcin.ims m artificial Insemination. Unfortunately, 
there is not yet available a standard, official test for leptospirosis. It is 
recommended that the t< sting facdltics in the state concerned be utilized 
and that interpretation he based upon the judgment of the laboratory 
responsible. Baclenolouital examination of semen from low-level react- 
ing bulls may be found useful in arriving at sound decisions. 


DISEASES IN' SHEEP 


Ocme Balanoposthilis. Ovine balanopostbitis is the venereal mani- 
festation of the vims complex known as ulcerative dermatosis of 
sheep. Lip and leg ulceration is associated with the same vims. In 
this disease, lesions around the prepuce arc first vesicular. Later, 
they coalesce, form ulcers and eventually scabs. Healing is slow, and 
without treatment the lesion may remain active for prolonged peri- 
ods of time. In the ewe, lesions start near the lower portion of the 
vulva and spread, in some instances, over the entire vulva. The 
vagina usually is not involved. The disease is usually self limiting in 
the female, acute symptoms persisting not more than ten days. 

Transmission of the disease is almost exclusively by venereal con- 
tact. A flock outbreak results when an infected ram is placed with 
susceptible ewes. Rams should be examined for preputial lesions 
prior to being placed with a flock, and those showing lesions should 
be isolated and not used. In a severe flock outbreak it may be nec- 
essary to stop all breeding operations. The use of artificial insemina- 
tion with disease-free rams could make it possible to resume breeding 
earlier. 


Artificial insemination can provide an effective means for control 
o t IS infection. But, likewise, it is necessary to be sure that rams 
“ „ insemination are free from the infection. 

Uome Vibnosis. This disease, caused by Vibrio fetus, is the most 
frequent cause of enzootic abortion in sheep in the United States, 
n an in ec e flock up to 10 to 20 per cent of pregnant ewes may 
pwr *c ^ ^ rtion is the only sign of disease in the ewe. How- 
metritis and fetal membrane retention occur, and 
^ 10 per cent of ewes that 

contamina^d ‘ ynitlreLtorM P ™ ^ 

flispi*:#. ic n«f ^ exudate. Most research indicates that the 
disease is not venereal in nature and by implication that artificial 



Figure 94 Veferinarion collects speotnen from prepuce of bull to test for bovine 
venereal trichomoniasis. (Coorfes)' Americon Breeders Service, Chicago) 

insemination would not play an hnpoitant role either in control or 
transmission of tins disease. 

Ocine Enzootic Abortion. Tliis disease is caused by a rickettsia- 
like organism and results in abortion, lelention of fetal membranes, 
nnd severe metritis. It has been reported in Scotland, England, New 
Zealand, Germany, and Italy, Tlie possible relationship to artificial 
insemination has not yet been established. 

Epididymitis in Rams. Tliis disease, first studied tlioroiighly in 
New Zealand, has recently been reported in California. It is char- 
acterized by a chronic inflammation of the epididymis and results 
in fibrosis and ultimate sterility if botli epididymides arc involved. 
The cause is an organism which somewhat rescmlilcs Rritcdla. Arti- 
ficial insemination in which non-infcclcd rams are used should Iiavc 
value in control of this disease. 

DISKSSnS IN SWI.NK 

Sirine RruccUosis, This is an insidious disease of swine llml often 
is transmitted sencroally. Alx>rtion and infeiiility are the ctJinmon 



402 Artificial Insemination of Farm Animals 

symptoms in an infected herd. The boar, in contradistinction to the 
bull, IS very susceptible to Brucella suis infection either by genital 
contact or other routts. When the boar is infected, the organisms 
frequently localize m the testicles and accessory sex glands. These 
organs serve as a focus of infection, and the organisms are shed b) 
way of the semen Infected semen is a common source of exposure 
for the sows and gilts. 

Recent progress made in artificial insemination of swine strongly 
suggests that artificial insemination will play an important role in 
the future of the swine industry. Since brucellosis of swine is largely 
found in purebred herds, and the boar plays such an important role 
in the disease’s perpetuation and spread, it would appear that use of 
semen known to be from disease-free boars would be very effective 
in breaking the cycle of this important venereal disease. 

Leptospirosis. In swine, this disease in its essential characteristics 
and manner of transmission is very similar to leptospirosis of cattle. 
It is probable that this disease could be spread by artificial insemina- 
tion should infected boars be employed. On the other hand, however, 
artificial insemination using boars which arc known to be Leptospira^ 
free could be of considerable value in the control of this infection. 


DISEASES IN HORSES 

Dourine. Tliis is the only trypanosomic disease known to be trans- 
mitted venereally. The causative organism is Trypanosoma eejui- 
perdum In the past, this infection has been present both in the 
United States and in Europe. Presently, the infection is apparently 
nonexistent in the United States. 
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Feeding and Management 
of Sires 


JOHN W BARTLETT 


Tile feeding and management of sires has always been an important 
factor in obtaining high conception rates in our herds and flochs 
Those sires that are to be used in artificial insemination require even 
greater care than those used for natural mating The pro\ed sire is 
of course in the prime of his natural life before his true ^\orth is %>ell 
established To maintain him m a healthy, vigorous condition for a 
long time is most essential 


THE YOUNG BULL 

The young sire must be brought to the full development of his 
physical inhentance if his type size, and breeding powers are to be 
definitely known A poorly fed and badly managed >oung sire may 
be such a disappointment that he will not be used, on the other hand 
some valuable germ plasm may be discarded because he has not 
been allowed to develop 

The requirements for growth are sery different from those for 
the maintenance of the body A young growing sire suffers sooner 
ana much more seriously from nutritive deficiencies than does an 
old sire A much larger amount of total digestible nutnents must be 
provided for the growing sire than for one which merely needs to 
remain at constant weight WTiat the young sire can use for growth 
404 
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IS that w Inch is left after his body has receu ed enough foi main- 
tenance He should not be maintained on roughage alone since he 
needs ample grain for the deselopment of tissues and muscles Foi 
the dei elopment of the skeleton large amounts of miiiei als are iiec 
essarj , especially calcium and phosphorus Vitamins are required m 
greatei propoition for the joung sire than for the animal which 
merely needs maintenance Bations which supply A and D are suf 
ficient for the >oung four-footed farm stock Poultry, howeier, re- 
quire large amounts of G The rates of growth of young sires vary 
"itli the species and also within certain hieeds of tlie same species 
Young bulls should be staited on whole milk and allowed up to 
one-tenth of tlieir weight for the fiist 30 days, and should be con- 
tinued on skim milk oi a good milk substitute for at least sue months 
Recently it has been found advantageous to supplement tlie ration 
''uth vitamins A and D for lapid giowtli and development Vitamin 
Ri 2 is used by several well-knowm bleeders, especially during the first 
month, because it is at this time that the young calf needs to get a 
good start Most breedeis recognize that calves will relish a mixed 
and will begin to nibble on a small quantity when a few days 
old They should be allowed fiee access to it at all times A good 
grain ration of equal parts of cracked com and crushed oats is ev 
eellent for the young bull calf Some prefer to feed tlie same ration as 
IS fed to the older herd Where grass silage is asailable, it seems to 
fit " ell into the calf’s diet, and it is also a source of vitamin A 
Vfiien si\ months of age, a joung bull should receive from 4 to 
fi Ih of gram daily, and if good pasture is available, he may be turned 
nut Hay, however, should be placed in a rack in the pasture lot It 
S' ill be found a \ erj^ great aid to grow tli, and young animals w ill eat 
hherallj of it If well grown, the joung bull is ready for light ser\ ice 
"hen tweb e months old, but he should not be used more often than 
once a week At this time a ring should be put in his nose, and he 
Rioiild be taught to lead, because for the rest of his life he will be 
handled regularly on a lead strap or staff 
One excellent metliod of handling a joiing bull is to put a chain 
around his boms, clamp it together in the middle of the forehead, 
and bring it double down his face and tlirough his ring The two 
ends of the chain can then be fastened to a second ring which will 
h^ug three to foiii inches below the one in his nose (ngurc 96 ) 

Yhis method teaches him while joimg tbit he is to Ixi led. and 
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he can always be easily caught. As tlic bull grows older a heavier 

chain will have to be substituted. 

Since it is the plan of most artificial breeding associations to use 
proved sires for the most part, a problem arises as to where the 
young, unproved sire may be kept. It is suggested that after t e 
yearling bull’s semen has been used to breed 500 to 1,000 cows e 
then be retired until proved. It is unwise to place the young M 
on a private farm while waiting for a proof on his daughters. The 
future use of such a sire may be mined as a result of natural service 
in a herd where some infection may exist. Most associations provide 
quarters in the bull stud while the young bull is being proved. In 
emergencies he can be used, and also there may be some breeders 
who will wish to have his semen in their breeding program. 

The association is the place to tr>’ out young males, and no one 
member will have more than one or two daughters, should the sire 
fail to prove meritorious. As has been said, it is much safer to ha\e 
proof data from several farms than from one herd. 

THE BOLL IN SEnVICE 

When a sire comes into use, his management should be so planned 
that he may remain in service for several years. The best housing 
for him is a box stall with a svringing door which will allow him 
freedom to go out to his own paddock for exercise and sunshine. If 
sires can be quartered in adjoining box stalls and paddocks where 
they are always in sight of one another, there is a psychic factor 
which increases their service activity. 

Bulls vary greatly in their capacity to produce semen regularly 
and of high quality. \Vhere liquid semen is to be made available 
at all times, bulls are being used for semen collection at intervals of 
three to four days. Glycerol is added to the semen, keeping it viable 
for four and five days, and the conception rate is well maintained. In 
some cases it is necessary to train the sire to ejaculate at three- to 
four-day intervals. Reports indicate that this can be done with most 
bulls, although it may take a few weeks to get the sire into a regu- 
mr routine. Sires that have become injured in hips or legs or have 
become too lame to mount for collection can also be trained to 
ejaculate when a teaser cow is brought near them. 

rozen semen is used in the program of an association, collection 
on a weekly basis can be the general rule. The manager of the stud 
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should learn the possibilities of each sue and rest him accordingly. 
When bringing a new sire into service involves hauling or shipping, 
it is recommended that he be rested ten days to two weeks before 
tire first semen sample is collected. 

The best service bull is generally tire one which is kept m a 
thrifty condition, but not fat. A good mixed hay for roughage is 
advisable, and a liberal amount of grass silage seems to aid in the 
production of viable sperm. The amount of roughage can best be 
determined by the condition of the bull. He should not have enough 
to allow him to get paunchy. When hay is the only roughage given, 
a daily allowance of 15 to 25 lb. should be sufficient. Green soiling 
crops are an excellent conditioner if the sire does not have access to 
pasture. Bulls, like cows, need ample water, but they should not be 
watered just prior to service or they may be slow and sluggish. 

If good roughage is fed, 6 to 8 lb. of concentrates daily should be 
ample to keep most bulls in the desired condition. Altliough the 
protein content of the ration will depend on the quality of the 
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roughage, it is generally a good policy to use a conditioning ration 
containing about 12 per cent total protein. Some bulls need exercise 
if they are to remain m good ser\'ice. Turning two or more into a 
large field is a practice that may be followed if the horns have been 
removed. Some breeders fix a cable between two posts or two build- 
ings; the bull is then tied to a swivel on a pulley which permits mm 
to move around without becoming tangled up in his own lead 
chain or rope. Electric exercisers can be made very easily by a 
handyman if he can secure the rear end of an old car or truck and 
build a sweep around it (Figure 96) The rear is stood on end and 
geared to a small motor. Arms radiating at equal intervals from the 
axle, so spaced that no two animals can get together when the sweep 
is in motion, lead the bulls in a circular path. A half hour’s walk each 
day on such an exerciser also helps to keep the bull tractable, and 
IS especially beneficial in keeping the feet and legs in condition. 
Foot trimming is often a must with mature bulls. A box made of 
plank may be used as a foot rest, and an ordinary wood chisel is 
handy in cutting away excess growth of the hoof (Figure 95). 
Bulls with long toes often become lame, and their usefulness is im- 
paired. 

Numerous ways have been devised for managing the bull when 
collecting the semen Some prefer to place the cow in a breeding rack 
and lead the bull out of his pen by a lead strap or bull staff. Others 
have made a ceiling track to which the lead chain is attached on a 
swiveled pulley, and the bull is thus led to the cow or dummy; he 
IS less dangerous, as he cannot get his head down. A third method is 
to lead the bull along a fence, the leader walking on the opposite side 
or along a raised walk so that the animal has no chance to attack 
him. 


In one New Jersey bull bam the cow is taken to the bull’s pen, 
and the collection is made there. If a double rope from the stanchion 
to a ceiling pulley at the rear of the pen is used, the bull can be 
pulled over to the rear wall while the cow is led into the pen and 
stanchioned. If a rope which can be snapped into the bull ring is 
used, the bull can be led from front to rear of his pen at the will of 
the person in control of the ropes. Releasing the rope gives the bull 
enough freedom of his head to mount the cow and serve the artificial 
vagina. Immediately afterward he can be pulled to the rear wall, 
and the cow can be taken out of the pen. 
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The lead rope will then permit bringing the bull back to his 
stanchion, from which point the ropes may be unsijapped. Experi- 
ence has shown that many bulls do not lead well oi i.er^ e well when 
moved on a staff. The psychology of bringing the cow ro the bull’s 
pen has sometimes caused a bull to yield a larger sample semen. 

THE STALLION 

One of the most important phases of stallion management is ex- 
ercise. Nothing is more vital to his breeding ability tlian that he be 
given some work to do. A half-day’s work in the harness is recom- 
mended. Since mares are usually bred to foal in tlie spring, the stallion 
will commonly experience the demand for semen at one season of 
the year. He should, therefore, be built up for this period and main- 
tained by proper management. His diet should contain first-class 
roughage with ample amounts of protein, mineral matter, and vita- 
mins. The best roughage is a mixture of legume and bright green 
timothy hay. It should by all means be free from dust, and the 
amount should not be in excess of what he actually needs. 

The nature of tlie concentrates for the stallion will depend upon 
the type of hay. With timothy hay, a good ration is oats (4 parts by 
weight) and bran (1 part); or oats (4 parts), com (6 parts), and 
bran (3 parts). Matiuc stallions can be fed oats as the only con- 
centrate. When the roughage is largely legume, most horsemen 
prefer not to include more than one-half com in the grain mixture 
for stallions. No specific amount of grain can be prescribed, since 
this depends on the amount of exercise given and whether the horse 
is a hard or easy keeper. Most breeders prefer to have the stallion 
thrifty at the beginning of the mating season and to see him gain 
^ little W'cight as the season progresses. 

Grooming and care of the feet arc essential, and regular attention 
should be given to how the horse walks. Drugs and stock tonics are 
ool necessary to a vigorous stallion. 

THE HAM 

tlic ram can be kept in a healthy, thrifty condition on rough.ige 
j^lone, except during the breeding season. Bright lepime or non- 
h'gumc hay accompanied by n light feeding of silag<* is sathfactorv. 
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During the summer good pisturc alone is sufficient At least one 
month prior to the breeding season the ram should be conditionc 
by gram feeding During heavy service he should be fed 1 to Z IB 
daily of a gram mixture containing about 14 per cent total protein 
A good mature ram u ill serv e 25 to 50 eives ivlien be runs with the 
flock all the time or nearly twice that number when he is turned in 
with the flock only a few hours each day during the breeding season 
When used artificially, he can be inseminated to many hundred ewes, 
if they are available, without heavy or different fodder 


THE DOAn 

Overfeeding and a hek of exercise arc common causes of unsatis 
factory service in boars A \ery thin, run down condition should also 
be avoided 

During the summer, boars on pasture will get plenty of exercise 
In the winter they can be sheltered at one end of a long paddock 
and fed at the other end to encourage exercise 
Except during the breeding season a boar should not be fed more 
than 1 to 1 5 lb of gram daily per 100 lb of body weight Tlien the 
ration should be increased somewhat two weeks before the breeding 
season starts so that the boar will gain weight at that time 

A hoar is old enough for very light service at eight months with 
15 collections per season A mature boar should not be required to 
deliver more than two collections per week or three per fortnight, 
over any considerable period 


MALE FOWL 

During the heavy breeding season the male bird should be given 
careful attention It is important that he get sufficient feed to main 
tain himself m vigorous thrifty condition It is advisable to allow male 
birds free access to a 20 per cent protein breeding mash fortified 
wth sufficient vitamins A B, and D A limited grain ration mixture 
composed of 2 parts com 1 part wheat, and 1 part oats should be 
added Other gram mixtures may be equally satisfactory It is nec 
essary to limit the gram mixture to make sure the male bird eats 
sufficient breeding mash A cage 4 feet by 4 feet should provide 
sulhcient space for exercise 
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MALE TURKEY 

Male turkeys should be kept in good condition during the breed- 
ing season, but not too fat. Rations and breeding practices similar to 
those already suggested for male fowl should be satisfactory foi 
turkey toms. Males need plenty of exercise and should be kept in 
individual yards approximately 20 feet by 20 feet to avoid injury' that 
may result from fighting. If cages are used, the floors should be solid. 

Under flock conditions, turkey growers often have difficulty in 
maintaining satisfactory egg fertility. They resort to tlie use of in- 
dividual stud pens, or make a practice of rotating groups of males 
nt given inter\'als in order to encourage proper mating. They also 
find it necessary to remove the toe nails or blunt the spurs by sawing 
or filing to avoid back injury to the hens. A canvas saddle may also 
be placed on tlie back of the hen to prevent tears and other injuries. 
Females with severely injured backs tend to produce infertile eggs. 
Artificial insemination offers a possible solution to these problems 
of management. 

MANAGING THE SIRE AT SERVICE TIME 

Certain male farm animals arc sensitive to artificial collections, 
whereas others seem able to enduie considerable rough handling. 
Intelligent management at service time liclps to keep them keen, 
and hence is an aid in obtaining the normal quantity of good semen. 
Some practical facts pertaining to the sexual ner\*ous system of the 
bull are now available. Fart of the information gained is also ap- 
plicable to certain sires of other species. 

The well-known reflexes, sucli as mounting the cow. projecting 
the penis, thrusting and ejaculating, can easily bo retarded or even 
inhibited in a bull bv unnatural methods of handling him. The h.asis 
of Ins natural behavior at lime of semen collection or natural breed- 
ing is the gratification of the ph>-sfc;d sense. Tl.c majority of hnlls 
^^ill respond most .satisfactorily if they arc permitted to .sersc e.ich 
time in familiar .stirroundings and arc handUM by the s.ame allend.mt. 
providerl these are a-ssocinlcd with prrxmns s.atisfaclory ejsprrirnce. 

Uammoiul cl (19'") «•'!«•;»<>• ll.r of ,r- 

licxes ax folloxvx; Tl»' ■'cxonl tcHcxcn ate iiilill.lleO if tlieir ixetfotin- 




t. ^;-r «■ 


Figure 94 Bull exerciser ot the Doiry Retearch Form of the New Jeney Agriculturo^ 
Experiment Slot on, Sussex By meons of the thorn ond ring construction on the bul s 
heads they may be efieetively tought and eonlrolled For leodmg a stoff should 
be snapped to the nose ring 

ance is accompanied, not by pleasurable sensations, but by sensa- 
tions which are painful, uncomfortable, or e\en distracting In very 
sensitive bulls inhibitions may arise quite quickly, even when the 
collections are taken most carefully Repeated careless collections 
will ‘put off the most hardy bulls Inhibitions will be reinforced the 
more often the unfavorable conditions are repeated, and the shorter 
the interval between collections If inhibition has started, it is a 
great mistake to persist with unsuccessful attempts at collection 
The animal should be given a rest from collections for as long as 
possible Inhibitions are also reinforced if repeated in famihar sur- 
roundmgs The sight of the artificial vagina or the operator and the 
color of the teaser cow can be factors In these circumstances shght 
inhibitions which have developed may sometimes be overcome by 
changing the surroundings as much as possible ” 


KEFEHENCES 

Bell, A G , and J O Williams "Feeding Horses "US Dept of Agr Farm 
ers Bui 1030 (rev ed , 1926 and 1927) 

Dawson J R “Care and Management of Dairy Bulls ” t/ S Dept Agr Farm 
ers Bul 1412 (rev ed , 1938) 

Dou^^^,J^^6‘‘BerfCatde for Breeding Purposes " U S Dept Agr Farmers 


413 


Feeding and Management of Sires 

Hammond, J., J. Edwards, L. E. A. Rowson, and A. Walton. The Artificial In- 
semination of Cattle. Cambridge, England, W. Heifer and Sons Ltd., 
1947. 

Henderson, H. O., and P. M. Reeves, Dairy Cattle Feeding and Management. 
4th ed. New York, Wiley, 1954. 

Jull, M. A. “Farm Poultry Raising.” U. S. Dept. Agr. Farmers^ Bui. 1524 ( 1927) , 
1-27. 

full, M. A., and A. R. Lee. "Turkey Raising.” U. S. Dept. Agr. Farmers Bui 
1409 (rev. ed., 1936), 1-22. 

Marshall, F. R,, and R. B, Millin. “Farm Sheep Raising for Beginners.’ U. S. 

Dept. Agr. Farmers Bui 840 (1917), 1-24. 

Morrison, F. B. Feeds and Feeding. Ithaca, Morrison Publishing Co., 1936. 
Rice, V. A. Breeding and Improvement of Farm Animals. 4th ed. New York, 
McGraw-Hill Book Co., 1951. 

Russell, E. Z. "Swine Production.” U. S. Dept. Agr. Farmers’ Bui 1437 (192o) 
(2d rev. ed. by H. J. Zeller, 1937). 

Shaw, E. L. “Milk Goats.” U. S. Dept. Agr. Farmers* Bui 920 (1918), 1-36. 
Williams, J. O. “Mule Production.” U. S. Dept. Agr. Formers' Bui 1341 (1923), 
1-27. 



Notes on the Contributors 


The men whose contributions make up the third edition of Artificial 
Insemination of Farm Animals have conducted research and pracbcal 
programs in artificial breeding on three continents. m xr 

The Uvo British contributors, Dr. Joseph Edwards and Dr. 1. Mann 
provide both fundamental and highly specialized informabon on 
reproductive physiology of farm animals. Dr. Edwards, au or o 
chapter on the organs of reproduction, is chairman “ 

Division of the Milk MarkeHng Board of England and Wales. He holds 
the M.Sc. degree from both the University of Cambridge ana the uni- 
versity of Minnesota, and the D.Sc. from the University of Glasgow. 
He is president of the British Society of Animal Production an a go\ 
nor of the Royal Veterinary College. 

Dr. Mann, who wrote the new chapter on the evaluation 
chemical analysis, is director of the A.R.C. Unit of 
ology and Biochemistry at *'= ^”1^1954 the stand.ird 

a Mow of the Royal Society. 

Tlie new chapter ^J„,ri,„„ed hv H. A. Hcminn. esecutise 

mques >" artificial breedm^^^.^^.^_^ of Artificial Breeders of the United 
secrctar>- of the Nati , of the A./. Digest and eo-author of two 

States. Dr Herman IS editor 

^oks Arti/icio/ fore ^ c. Ragsd.rle). He 

Dainjlnp Lahoraio J rj,,jjo„i(y of -Missouri, sshere he svas fomu-rly 
holds the rh-D .^-;,^^«j;::‘-":;»p,„wntin Dr. Hem.an's clup.er is 
chapter on the shipping of semen by the eslitnr. Dmc J. 
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Dr Ralph P. Reece, contabutor of the chapter on the 
in reprodLicn, is professor of dairy “dry at the College of 
onllure of Rutgers University, and research “” 0^1 L- 

sipr-i'-s-grr" 

^^FromNoniaf comes the new chapter on swine, written by John 
Aamdal out of his wide and successful experience as “ 
the staff of the Royal Veterinary College at Oslo. In Nors y, 
breeding of swine has so increased in importance as to be second 

cattle programs. 1 . ir 1 „ ic ns- 

Dr. P. Bhattacharya, author of the new chapter on buffaloes, is 
sistant director and head of the Division of Animal Genetics of the In- 
dian Veterinary Research Institute at Itaznagar. He holds the rmiJ. 
degree, and among his professional connections are membersWps m 
honorary societies in Italy and England as well as his native India, He 
is official correspondent in India of the Commonwealth Agricultural 
Bureaux for Animat Genetics and Breeding and has contributed chapters 
to textbooks and practical handbooks of animal husbandry. 

The chapter on dogs has been rewritten to include the most recent 
developments in the field by its original author, Dr. Ellis P. Leonard, 
head of the Department of Therapeutics and Small Animal Diseases at 
the Cornell University College of Veterinary Medicine. Dr. Leonard is 
co-author of Cflnme Medicine 

Enormous strides have been made in the artificial breeding of 
chickens, turkeys, ducks, and geese since Professor F. P. Jeffrey prepared 
his chapter for earlier editions of this book. He has been assisted in this 
revision by his colleague at the University of Massachusetts, Dr. J. Rob- 
ert Smyth, Jr. Dr. Smyth is research professor of poultry husbandry at 
the College of Agnculture. Professor Jeffrey is associate dean of the 
college and co-author (with D. R. Marble) of Commercial Poultry 
Production 

Dr. Victor Berliner, formerly associate professor of animal husbandry' 
at Mississippi State College, and now director of the Division of Endo- 
crinology at the Ortho Research Foundation, Raritan, New Jersey, has 
expanded his original chapter on horses and jackstock. He is a contribu- 
tor to Reproduction in Domestic Animals, edited by H. H. Cole and P. T. 
Cupps, published in 1959. 

At the time Dr. Clair E. Temli wrote the original chapter on sheep 
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and goats he was animal husbandman at the United States Sheep Experi- 
ment Station and Western Sheep Breeding Laboratory at Dubois, Idaho. 
He has since moved to the position of chief of tlie Sheep, Goat and Fm 
Animal Research Branch, Animal Husbandry Research Dixision of tlie 
Agricultural Research Service, United States Department of Agriculture, 
at Beltsville, Maryland. 

Dr. David E. Bartlett and Dr. Lester L. Larson, formerly colleagues 
at the University of Minnesota, have collaborated to write the new chap- 
ter on disease in relation to artificial insemination. Both men hold the 

D. V.M. and Ph.D. degrees and are staff veterinarians for the American 
Breeders Service in Chicago and Madison, Wisconsin, respectively. 
Dr. Bartlett served as veterinary advisor-consultant for the United States 
Operations Mission to Brazil during 1958. He is one of the authors of 
Advances in Veterinary Science (Volume I), edited by C. A. Brandly and 

E. L. Jungherr. 

Dr. John W. Bartlett, author of the chapters on inheritance, systems 
of breeding, selection for animal improvement, and feeding and manage- 
ment of sires, is chairman of the Department of Dairy Science at the 
College of Agriculture of Rutgers University. He has made important 
contributions to cooperative artificial breeding of cattle, and to improve 
ments in grass silage and pasture methods for dairy cattle. He is co 
author (with Theodore Prescott and Allen Crissey) of Sc ing a e. 
Selling Purehreds for Profit, published in 1958, and a contributor to sev- 
eral books on dairy farming. In addition to supervising the dairy ProgJ™ 
of instruction and research at Rutgers, Dr. Bartlett directs t le ac ivi i 
of the Esperiment Station’s 1,300-acre dairy research farm m Susse 

Countv. 
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Since 1955, when Professor Perry retired from Rutgers, he has served 
the United States government through the International Cooperation 
Administration in Egypt, as Animal Husbandry Advisor (1956), in 
Lebanon, as Dairy AdMsor (1957-1958), and in Brazil, as Livestock 
Advisor (1939) Professor Perry conducted a 1958 world survey of arti- 
ficial breeding for the National Associabon of Artificial Breeders 
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Artificial msemimtion (Coiit ) 

for crossbreeding, 4, 0, 1 13, 254- 
255, 305-300, 317 382 
for improving livestock, 281-283 
for selection of sire, 320-327 
history, 5-10, 228 
intr'iccr\icnl, 20-21 25, 90, 135 fl, 
109, 195. 199. 200 
intrauterine, 20-21, 25, 90, 135 ff, 
109, 210 225, 230, 280 
methods, 20-21, 25. 90. 135 ff, 
105-109, 195, 199, 210, 221- 
220 . 200 

sperm numl>cr for fertili7^(ion, 20- 
21, 90, 134, 217, 204, 208 
Artificial vagina, 6-7, 12, 76-78, 114- 
116, 156, 157, 180, 181. 182- 
183, 259-260. 2QI, 277-278 
temperature, and ejaculation, 12, 78, 
106 (10 
Ascorbic acid, for low fertility in bull, 
Autosome, 292, 295 
Ayrshire Breeders’ Association, 340 

Badger Breeders Cooperative, 338 
Balanoposthitis, ovine, 400 
Bangalore semen shipper, 387 
Bang's disease, see Brucellosis 
Birds 

artificial insemination 5, 228, 255 
See also Poultry, speafic types of 
birds 

Bitch 

arbficial insemination, 3, 4, 6, 271, 
276. 270, 281-282 
copulation 273-274 
estrous cycle, 54, 273 
reproductive organs, 272 
See also Dog 

Blood typing of dairy bulls used for 
artificial breeding, 290, 380 

Boar 

diseases, 402 

semen, 12, 15, 18, 19, 35 ff , 262- 
264, 266, 268 

collection, 258-262, 263, 268 
collection, frequency. 105 266 
410 

dilution, 264 


Boar (Cent ) 

Sire, fccrhng and management, 410 
selection, 322, 332-333 
si>trm. 15. 83. 202, 263 
See o/so Sow, Swine 
Bone acid-sodium bicarbonate os 
semen dihiter, 192 

Brcctlcr’s bag for equine semen collec- 
tion. 218-210 

Breeding season, SI, 60. 69, 192, 207- 
211, 239 

and gonadotrophic hormone secre- 
tion, GO 

Breeding $)stcms, 302-4J18 
Brown Swiss Cattle Breeders' Associa- 
tion, 319 

tinieclla abortus, 107, 390 
Bniccllosis 
cattle, 107, 390, 399 
swine, 401-402 
Buffalo, 152-177 
care and management, 271-174 
crossbreeding, 152 
reproductive organs, 155 
semen, I5S-1C3 

biochemical charactcnstics, Id- 
led 

collection, frequency, 171 ff 
collection, methods, 150, 157- 
258 

dilutcrs. 165-167 
dilution rate, 167 
seasonal vanalions, 163-165 
shipment, 385, 387-388 
sex drive, 171, 172 
sperm, 156, 158-161 
See also Cow (buffalo) 

Bull 

breed identification by d>e in semen 
diluent, 131, 135 

breeding capacitj, 14, 16, 30-31, 
39 ff , 68-69. 80 ff , 96 ff , 108- 
109, 142-143. 290, 330, 350- 
351, 405-106 
diseases, 107, 393 ff 

control in frozen semen, 365, 
368 ff , 395 

See also specific conditions 
health standards for artificial msemi 
nation, 397-400 
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Bull (Cont.) 

reproductive organs, 11—14, 119 
selection for breeding, 293-294, 
319 ff., 324-331, 333-334, 

337-338, 381 

See also Inheritance 
semen, 8, 18-19, 35 ff., 83, 120- 
122, 162 

collection, frequency, 102—104, 
361, 405, 406 

collection, from nonmounting 
bull, 118, 406 

collection, methods, 76 ff., 114- 
ip.n 


Cattle (Cont.) 

dairy, regulations for purebred, 380 
selection of sire, 284, 304, 319 ff., 
324-331, 333-334 
diseases, 107, 382, 393-400 
improvement by herd analysis, 298- 
299 

inbreeding, 309, 310, 317 
inheritance of traits, 284 ff., 290, 
292—293 297 

lethal and sublethal traits, 293, 294- 
295, 308, 309 

line breeding, 310, 317, 328, 334 
See also Buffalo; Bull; Cow 
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Cock (Cont.) 

See also Hen, Poultry 
Coital exanthema, see Pustular vagi- 
nitis 

Color, inheritance, 285, 287, 289, 
292-293 
Conception rate 

heritability, 14, 109, 143 
in artificial insemination, 29-31, 
63, 88-80, 141, 142 ff., 146. 
147-148, 330-351 

Consolidated Breeders Cooperative, 
Inc., 338 

Cooperative Artificial Breeding Asso- 
ciation No. 1, 7, 339 
Corpus luteum, 26, 27, 51, 52 
buffalo cow, 156 
persistence in ovary, 29, 64-65 


Cow (buffalo) (Cont.) 
ovulation, 171 

reproductive organs, 155-156 
Cowper's gland, sec Reproduction, 
male, organs 

Crossbreeding, 4, 9, 143, 132, 254- 
255, 305-306, 307, 310, 317 
by frozen semen, 382 
CUE as semen dilulcr, 133 
Curtiss Candy Farms Improved Stud 
Service, Inc., 338 
Cystic ovary, 29, 65, 68 

Dairy Herd Improvement Association, 
323 

Deep freezing of semen, see Semen, 
freezing 
Deer semen, 36 
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semen (Cont ) 
shipment, 385 
sperm, 275, 278. 281 
concentration, 274, 275 
See also Bitch 

Dominant traits, 287-288. 300 

Dourme, 402 

Drake 

semen, 248 

collection, 229, 247-248 
dilution, 250 

Sea rt/crt 
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Egg yolk-phosphate as semen diluter, 
165, 192, 223, 224 

Eee volk-phosphate-glucose as semen 
diluter, 224 

Egg yolk— sodium bicarhonate-glu- 
cose-fructose as semen diluter, 
167 

Egg yolk-tartrate as semen diluter, 
223, 224 

Ejaculate, see Semen, ejaculation 

Electrical stunulahon for semen collee- 
bon, 79, 116-117, 179, 180, 
183-184, 185, 221, 229, 246, 



424 

E\so (Cont.) 
diseases, 98, 400-401 
estroiis c>’cle, 54, 196 
estnis, 26, 69, 192-191. 196 
follicle-stimulating hormone for in- 
creasing lamb crop, 28 
high nutrition for increasing lamb 
crop, 28 

Sec also Ram, Sheep 

Fallopian lube, see Reproduction, fe- 
male. organs 
Fertility 

female. 14. 28 H.. 90, 290, 030 

male. 16 If, 30-31, 41-13. 80 ff. 
95-100, 106, 143, 180, 215 
Sec also Bull, breeding capacity 
“Fertility barrier,” SO, 31 
Fertihralion mechanism, 20 ff., 25-26, 
81 

Finch semen, 233 

Follicle-stimulating hormone, 26. 28, 
29, 48-49, 59, 63-C4 
therapy, see Pregnant mare serum 
therapy 

Follutein Squibb, 72 
Foot and mouth disease, cattle, 397 
Fowl, see Poultry 
Fox, estrous cycles, 54 
France, artificial cattle breeding, 8 
Freeze dr> mg of semen, 88 
Frozen semen, see Semen, freezing. 
Semen, frozen 

Fructolysis, 35, 37, 39, 42, 82, 162 
163 

FSH, See Follicle-stimulating hormone 
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Glycerol in semen dilutcrs, 8, 87, 88, 
131 ff.. 361. 367 ff., 395, 406 
and antibiotic effect on Vibrio 
fetus, 395 

Glycine in semen dilutcrs, 133, 166, 
107, ICS, 20-f, 278 

Coat 

crossbrccrhng, 305-306 
semen, SO, 188 
collection. ISO 
dilution, 192 
frozen, 191, 367, 368 
seasonal variations, 164 
storage and shipment, 190 
See also Doc (goat) 

Conadfs), see Reproduebon, female, 
organs, Reproduction, male, or- 
gans 
Conadm, 72 
Gonadogen, 72 

Gonadotrophic hormones, see Follfcle- 
stimulaling hormone; Lutein- 
izing hormone 

Goose 

artificial insemination, 90, 248, 249 
See c/so Gander Poultr>' 

Grading m breeding s) stems, 304 
Guinea pig semen, 36 

Heat, sec Estrus 
Hedgehog semen, 38 
Hcmocytometer for sperm count, 83, 
125, 187 
Hen (chicken) 

artificial insemination, 6, 90, 228, 
230-231, 234-238, 253-254 
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estrous cycle, 208-211 
cstrus, 26, 206, 208, 211-212, 213 
hormone therapy for anestms and 
ovulaHon. 71, 206, 207. 213- 
215 

ovulation, 206, 211, 212 
Sec also Horse, Stallion 
Massage, manual, for semen collec- 
tion, 78. 117 0.. 157-158, 229. 
231-233, 239 0., 247 
Mating, 20, 23, 26 
MendeVs laws of inheritance, 285 0. 
Methylene blue reduction test for 
sperm quality, 43, 84, 129 
Michigan Artificial Breeders Coopera- 
tive, Inc., 338, 348 
Milanov’s diluter, see TGL as semen 
diluters 

Milh as semen diluter, 87, 129, 139- 

131, 132, 165, 192, 275 
Milk-citrate as semen diluter, 167 
Milk-egg yolk as semen diluter, 19, 87 
Milk-egg yolk-citrate as semen di* 

luter, 132 

Milk-glycerol as semen diluter, 131- 

132, 381, 370 

Milk-glycme as semen diluter, 204 
Milk-tartrate as semen diluter, 224 
Milk Marketing Board, England, 343 
Milk production, see Cow, milk pro- 
duction 

Minerals, dietary, see Nutrition 
Minnesota Valley Breeders Assn , 338 
Mississippi artificial vagina, 219, 220- 
221 

Missouri— USDA artificial vagina, 219— 
220 

Mole semen, 36 
Morgan horse, 292 
Mouse semen, 36 

Multiple factor inheritance, 289-290 
^^utatlon, 298 
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New Jersey Artificial Breeding Pro- 
gram, 328 

Mew Jersey Breeding Eiqieriment, see 
Holstein Breeding Experiment 
Kciv Jersey Cooperative Breeding 
Association, 380 

New York Artificial Breeders Coopera- 
tive. Inc., 338, 346 0., 303 
Nitrogen, liquid 

for freezing semen, 307 
for shipping and storing frozen 
semen, 8, 304, 372, 373 0., 
381, 388-390 

Northeastern Pennsylvania Breeding 
Association, 356 

Northern Ohio Breeding Association, 
362-363 

Nutrition and fertility, 10, 28 0., 41, 
64. 95-100, 143, 215 

Outcrossing, 806, 316, 328 
Ovary, see Reproduction, female, or- 
gans 

Oviduct, sec Reproduction, female, or- 
gans 

Ovuiation, 53, 89 

Sec olso specific animals 
Ovum, 23 0. 

Oxytocin, 49, 57, 138 

Parhinlion, 56-57 
Peacock semen, 255 
Penicillin ivith semen diluters, 87, 107, 
131, 133, 134, 395, 899 
Perandren, 72 

Percheron Horse Association of Amer- 
ica, 210 

Phenotype, 288, 300 
Photoelectric colorimeter for sperm 
count, 83, 125-128, 187 
Pigeon, artificial insemination. 6 
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Pituitrin, see Oxytocin; Pituitary 
gland; Vasopressin 
Placenta, 51, 55, 56 
retained, 65-66 

Plasma, seminal, see Semen, plasma 
PMS, see Pregnant mare serum 
Polymyxin with semen diluters, 87 
Poona semen shipper, 387 
Posterior Pituitary Extract, 72 
Posterior Pituitary Injection, 72 
Poultry 
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Prostate, sec Repi '■eduction, male, or- 
gans 

Pseudopregnancy, 54, 55 
Punch cards for records m breeding 
associations, 352-357 
Purebred Dairy Cattle Association of 
the United States, 348, 380 
Pustular vaginitis, 396-397 
Pyometra, 66-67 

Rabbit 
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Reproduction (Cont ) 

male, appraisal by semen anal>sis» 
39-43 

organs, 11—23, 33 IT 40, 51, 59— 
60, 100 

Seasonal variation in cstrous c>clc, 
sec Breeding season 

Scrotum, see Reproduction, male, or- 
gans 

Segregahon of traits m inheritance, 
28&-287 

Semen, 11-12, 18-22, 35-39 fF 
bacteria m, 85, 87, 107, 138 

See also Antibiotics \\ith semen 
diluters 

chemical analysis, 39-43 
collection, 76-^0 

by artificial vagina, 76-78, 114- 
116, 158, 157, 219-221 
by breeder’s bag. 218-219 
by electneal stimulabon, 79, 
116-117, 179, 180. 183-184 
185, 221, 229, 246, 248 
by manual massage, 78, 117 fF. 
157-158 229, 231-233,2390 
247 

by use of dummy animals, 79-80, 
118, 120, 183, 221, 260-261 
from \ngim 78-70, 180 181- 
182, 218 

composition, 35-39, 41, 96 
color, 83 

variability, 39 
custom freezing, 378 
diluters, 8, 19, 85-87 129-135, 
163-167, 168, 223-224, 264, 
268, 275, 276 361, 367 2 
Sec also specific diluters 
dilution, 20, 82, 133-134, 216-217 
effect of nutrition, 16, 41, 95-100 
143, 215 

ejaculation, 12, 19, 39-40 
exaimnahqn, 32-44, 86-83 
fertibty, see Ferhljty, male 
formation, 11, 12, 18 
freezing, 4, 8, 31, 84, 114, 113, 
168, 190, 224, 252, 362, 378 
equipment, 376-371 
Imtory, 365-368 


Semen (Cont ) 
freezing (Cont ) 
method, 30S-369 
frozen, 14, 88, 144, 364—384 
advantages, 36-J-365 
disadvantages, 379-380 
regulations for purebred dairy 
cattle, 380 

storage and shipment, 371—377, 
388-390 

handling after collection, 8, 8l, 85, 
121, 129, 190 

infected. 87, 363, 394, 395, 400- 
401 

plasma, 32, 35-39, 40-41 
reactivation, 87 

reproductive capacity appraisal, 39- 
43 

seasonal v.analions, 10, 101-102, 
103. 164 

shipment, 7, 8, 268. 381-382, 385- 
390 

species differences, 18-19, 83 
storage capacil>, 19, 84, 129, 218 
tests, see Sperm, stains and tests 
Vthrio fetus infection, 87, 365, 395, 
406-401 

Seminal vesicle, see Reproduction, 
male, organs 

Sex charactenstics, inherit nice, 14, 
291 ff 

Sex dnve, 23, 51, 61, 68, 81, 95, 103, 
105 ff , 186 
Sex hormones 

female, see Estrogen(s), Progester- 
one, Relaxin 

male, see Androgen (s). Testoster- 
one 

Sex influence inhentance, 292 
Sex limited inheritance, 293 
Sex linked inheritance, 296-292 
Sex organs, see Reproduction 
Sheep 

artificial breeding, 5, 7, 25, 178 ff 
breeding season, 69 
disease, 98, 400^01 
inheritance of traits, 292 
lethal and sublethal traits, 295 
selection of sire, 331-332 
See also E« e. Ram 
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Sire selection, see Artificial breeding, 
selection of sires; specific ani- 
mals 

Size, inheritance, 290 
Southeastern Pennsylvania Artificial 
Breeding Cooperative, 350, 398 
Southern Illinois Breeding Association, 
142, 352 ff. 

Sow 

abortion, 401 

artificial insemination, 90, 265-266, 
267, 268 

estrus, 26, 264. 266 
ovarian estrogens, 52 
ovulation, 28 

See Boar; S™ne 
poculum method nf Incpmt- 


Stallion (Cont ) 
semen (Cont ) 

dilution, 216-218, 222, 223-224 
handling and storage, 222-223 
sperm, 14, 83, 206. 215 ff., 222 
See aUo Horse; Mare 
Sterility, see Infertility 
Stilbestrol, 72 

therapy, for lactation, 67 
for o\ailation in mare, 214 
for pyometra, 66 
Stilbestrol dipropionate 

therapy, for expulsion of mummified 
fetus, 67 
for pyometra, 67 
Stilbestrol Solution, 72 
fiHlrnnate. 72 
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Tom (hirJkcy) (Cont) 
semen (Cent.) 
collection, 229, 239-242 
dilution, 249, 250 
storage, 252 
sperm, 245 

Trichomonas joeiits, 393 
semen infection, 394, 395 
Trichomoniasis, cattle, 393-393, 398 
Tri-State Breeders Cooperative, 338 
Trypanosoma equiperdum, 402 
Tuberculosis, cattle, 396 
Turkey, see Tom (turkey); IJcn (tur- 
key) 

Udder growth, 57-58 
Ulcerative dermatosis, sheep, 400 
Unit characters, 300 
Uterus, see Reproduction, female, or- 
gans 

Vacuum jar for storing frozen semen, 
371-372 

Vagina, see Reproduction, female, or- 
gans 

Vagina, artificial, see Artificial vagina 


Index 

Vaginitis, sec Epivaginitfs; Pustular 
vaginitis 

Variation in inheritance, 297, 300 
Vas deferens, see ReprodticUon, male, 
organs 

Vasopressin, 49 

Vcsicula semmalis, see Reproduction, 
male, organs 
Vibriosis 

cattle, 395, 393 
sheep, 400^01 

Vitamin deficiencies, see Nutrition 
Vulva, see Reproduction, female, or- 
gans 

Water heater, electric, 01 
Waterloo Cattle Breeding Association, 
8-9 

West Germany, sec Germany 
Wright’s coe/JIdent of inbreeding, 
311-313 

Yellow body, sec Corpus luleum 

Zebroid, 9 
Zebu, 155, 150, 159 



